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ABSTRACT
Atomic a b so rp tio n  sp ec tro sco p y  i s  p a r t i c u l a r l y  w e l l- s u i te d  fo r  
th e  d e te rm in a tio n  o f  am bient m e ta l p o l lu ta n ts  a t  th e  p a r t - p e r - b i l l i o n  
l e v e l .  An AA in s tru m e n t developed fo r  th e  d e te rm in a tio n  o f v e ry  low 
c o n c e n tra tio n s  o f  m eta ls  was employed in  th e  measurement o f am bient 
heavy-m etal p o l lu ta n ts ,  w ith  th e  subsequent g o a l o f  r e l a t in g  th e  con­
c e n tr a t io n s  found to  e x is t in g  w eather c o n d it io n s .
A se p a ra te  study  in v o lv ed  th e  d e te rm in a tio n  o f  th e  vapor p re s ­
su re  o f  m e ta l s a l t s  a t  room te m p e ra tu re . The same f a c to r s  t h a t  were 
observed to  a f f e c t  am bient le a d  c o n c e n tra tio n s  were found to  i n f l u ­
ence th e  vapor p re s su re  o f  th e  s a l t s  i n  a s im ila r  way.
The e x p erim en ta l AA tech n iq u e  used in  th e se  s tu d ie s  employed 
a c t iv a te d  carbon t o  t r a p  th e  vaporous m e ta l c o n c e n tra tio n s . A 
method was d ev ised  to  produce a re p ro d u c ib le  m e ta l vapor co n ce n tra ­
t i o n .  T his method was used to  determ ine  th e  s t a te  o f  a c t iv a t io n  o f 
th e  carbon bed . T his was n e c e s sa ry  t o  ensure  t h a t  th e  r e s u l t s  o f 
sam ples ta k e n , which in d ic a te d  an absence o f  m eta l c o n c e n tra tio n , 
were c o r r e c t  and n o t  due to  an equipm ent f a i l u r e  o r an u n a c tiv a te d  
carbon bed .
The developm ent o f  g ra p h ite  fu rnace  in s tru m e n ta tio n  in  atom ic 
a b so rp tio n  was one o f  th e  most im p o rtan t in n o v a tio n  to  be developed 
in  th e  method. R esearch in  t h i s  a re a  le d  to  th e  development o f  a  
"S -P iece11 carbcn  a to m ize r ( in  th e  shape o f  a "T "). Advantages o f 
th e  a to m iza tio n  p ro cess  i n  t h i s  desig n  over com m ercial carbon a tom i­
z e rs  were co n s id e ra b le  and were d e ta i l e d ,
x v i
The im portance o f d e te rm in in g  th e  sp e c ie s  o f  a  m etal*  t o  a s s e s s  
i t s  p o t e n t i a l  to x ic  e f f e c ts *  h as r e s u l te d  in  a new em phasis in  atom ic 
abso rp tion , t o  couple th e  tec h n iq u e  t o  v a r io u s  methods used to  se p a ra te  
m e ta l  s p e c ie s .  One p o s s ib le  co m b in a tio n a l te c h n iq u e  a s  y e t  undeveloped 
in v o lv e d  th e  co u p lin g  o f  a th e rm a l te c h n iq u e  such as TGA t o  an atom ic 
a b so rp tio n  d e te c t io n  system . A co m b in a tio n a l th e rm a l v a p o r iz e r /  
a to m ize r em ploying an AA d e te c to r  was d esig n ed  and b u i l t .  T h is p ro ­
to ty p e  in s tru m e n t s u c c e s s fu l ly  dem onstra ted  th e  concep t o f m e ta l 
s p e c ia t io n  by  AA. V o la t i le  o rg a n o m e ta llic s  and m e ta l complexes were 
e a s i l y  d is c e r n ib le  from th e  much l e s s  v o l a t i l e  in o rg a n ic  m e ta l 
s p e c ie s .
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GENERAL INTRODUCTION
Few p e rio d s  in  m an's h i s to r y  have had such an im pact as th e  
I n d u s t r i a l  R evo lu tion  on h is  l i f e ,  on h is  work, on h is  mode o f t r a n s ­
p o r ta t io n ,  even h is  l e i s u r e  t im e . When man began to  make m achines to  
do h i s  work, he began a  p ro cess  which was i r r e v e r s i b l e .  Along w ith  
th e  b e n e f i ts  came an adverse  s id e  o f  t h i s  developm ent, an a lm ost t o t a l  
d is re g a rd  fo r  th e  environm ent. Li h i s  push o f  in d u s t r ia l i z a t i o n  and 
m od ern iza tio n , man has a t  tim es t r e a te d  th e  eco-systera  a s  a  dumping 
ground fo r  h is  w a s te s .
Although th e re  has been p o l lu t io n  a s  long  a s  th e re  has been man, 
th e  c u rre n t  problem  which has developed i s  h i s t o r i c a l l y  profound in  
two r e s p e c ts ;  i n  th e  n a tu re  of th e  p o l lu ta n ts ,  and th e  sh e e r  q u a n ti ty  
which i s  be ing  dumped in  any conven ien t s i t e .  The consequences o f 
th e  I n d u s t r i a l  R evo lu tion  g en e ra ted  th e  need f o r  a  l o t  o f energy , 
which in  tu rn  i n i t i a l l y  r e s u l te d  in  th e  com bustion o f  a la rg e  q u a n ti ty  
o f c o a l .
The problem t h a t  t h i s  p re se n te d  was obvious even a  cen tu ry  ago , 
as th e  p o l lu t io n  in  i n d u s t r i a l  c i t i e s ,  i n  England and th e  United 
S ta te s  made l iv in g  r a th e r  u n p le a sa n t. As a l t e r n a te  so u rces o f 
energy , o i l  and n a tu r a l  g a s , began to  re p la c e  c o a l ,  and due to  th e  
f a c t  t h a t  th ey  were r e l a t i v e ly  c le an  b u rn in g , man again  became un­
concerned abou t th e  consequences o f  p o l lu t io n .
The w holesale  dumping o f  chem ical w a s te s , and th e  in c re a se d  use 
of th e  autom obile a s  a means o f  mass t r a n s p o r ta t io n  w ith  i t s  r e s u l ­
t a n t  p o l lu t io n ,  ag a in  re-em phasized  th e  se r io u sn e s s  o f  a  p o llu te d
env ironm ent. The problem  reached  such p ro p o r tio n s  t h a t  in  th e  e a r ly  
1 9 6 0 's , p r e d ic t io n s  o f  man*s dem ise in  one more c e n tu ry  were be ing
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su g g e s te d . The s i t u a t i o n  f i n a l l y  r e s u l te d  i n  a r e a c t io n  from  th e
F e d e ra l Government, which s tep p ed  in  t o  c o n tr o l  c o n d itio n s  w hich were
s t e a d i ly  d e te r io r a t i n g .
S e v e ra l f e d e r a l  a c t s ,  in c lu d in g  th e  C lean A ir  Act o f  1967, and
(2)
Amendments t o  th e  C lean A ir Act o f  1970, have p lay ed  a  v i t a l  r o le  
in  r e v e r s in g  t h i s  t r e n d .  Long th e  o b je c t  o f  c r i t i c i s m  by some b u s i ­
nessmen and advoca tes o f  l e s s  governm ent in te r v e n t io n ,  th e  r e s u l t s  
o f th e s e  a c t s ,  n e v e r th e le s s ,  canno t be d e n ie d . The a i r  q u a l i ty  i n  
th e  U nited  S ta te s  h as  been im proving f o r  over f iv e  y e a r s ,  and w a te r
(3)
q u a l i ty  h a s , a t  l e a s t ,  n o t  w orsened .
To re s o lv e  complex l e g a l  d is p u te  which r e s u l te d  betw een in d u s ­
t r y  and f e d e r a l  a g e n c ie s  e n fo rc in g  th e s e  a c t s ,  th e  amount o f money 
w hich has been sp e n t on d e te rm in in g  th e  n a tu re  and q u a l i ty  o f th e  
environm ent has in c re a s e d  d ra m a tic a l ly  in  th e  l a s t  d ecad e .
E x te n s iv e  s tu d ie s  have re v e a le d  much abou t th e  n a tu re  and work­
in g s  o f  th e  ecosystem . In  th e  fo rm ativ e  y e a rs  o f  en v ironm en ta l r e ­
s e a rc h , a good d e a l  o f  work was done i n  id e n t i f y in g  p o l lu ta n ts  p r e -
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s e n t in  th e  a i r  and w a te r . A p o l lu ta n t  may be d e fin e d  a s  a
substance  n o rm ally  n o t  found n a tu r a l l y  in  th e  env ironm en t, whose
c o n c e n tra tio n  i s  such t h a t  co n tin u ed  exposure may r e s u l t  i n  d e t r i -
(5)
m en ta l h e a l th  e f f e c t s .
A lthough th e r e  a re  hundreds o f  known p o l lu ta n ts  in  th e  atmo­
sphere  and thou san d s o f  o rg an ic  p o l lu ta n ts  i n  m u n ic ip a l w a te r
s u p p lie s , some p o llu ta n ts  by t h e i r  n a tu re  and th e  q u a n tity  found, have 
been th e  su b je c t o f ex ten siv e  s tu d ie s .  One example o f th ese  i s  heavy 
m eta l p o l lu ta n ts  found a t  very  low c o n ce n tra tio n s  in  th e  atm osphere.
Many atm ospheric p o l lu ta n ts  such as o rganom eta llic  and in o rg an ic  
m e ta ll ic  sp ec ie s  a t  th e  p a r t  p e r m illio n  le v e l  could n o t be e f f e c t iv e ­
ly  in v e s tig a te d  u n t i l  more s e n s i t iv e  and accu ra te  a n a ly t ic a l  methods 
were developed. Although th e  t o x ic i ty  o f in h a led  m eta l p o l lu ta n ts
(6- 9)
such as lead  has been w e ll  documented, th e re  has been a la rg e
d is p a r i ty  o f opin ions as t o  th e  co n cen tra tio n s  to  which th e  average
(10)
person has been c o n s is te n t ly  exposed. The r e a l  su b je c t o f th e
debate was th e  ambient concent r a t io n s  of heavy m eta l p o l lu ta n ts  th a t
r e s u l t  i n  an unaccep tab le  le v e l  o f exposure fo r  a l l  members of s o c ie ty .
I t  should be n o ted  th a t  some in d u s t r i a l  workers a re  exposed to  h igh
(11)
m eta l c o n ce n tra tio n s  as a  r e s u l t  o f  t h e i r  work ( i . e . ,  chrome-
p la te r s ,  w orkers in  b a t te r y  f a c to r ie s ,  m iners, e t c . ) .
Each a i r  q u a li ty  standard  mandated by f e d e r a l  a i r  q u a li ty  a c t s ,
re p re se n ts  a maximum, n o n -to x ic  co n cen tra tio n  o f am bient p o l lu ta n t .
W ithout so lid  d e f in i t iv e  d a ta  on th e  amount o f am bient p o llu ta n t
a c tu a l ly  p re s e n t , compliance w ith  th e  a i r  q u a li ty  s tan d ard s cannot
be determ ined . F requen tly  p o l lu t io n  le v e ls  have been found to  be in
, 3 (12)
th e  o rder o f 1  ug/M . D eterm ination o f ambient p o l lu ta n ts  a t
th e se  le v e ls  challenged  most a n a ly t ic a l  methods.
One techn ique  t h a t  has been developed in  th e  l a s t  tw en ty -fiv e  
y e a rs  th a t  i s  capable o f a c c u ra te ly  determ ining  extrem ely  sm all con­
c e n tra t io n s  o f heavy m eta l p o l lu ta n ts  in  th e  a i r  i s  atomic ab so rp tio n
sp ec tro sco p y .
D esp ite  slow beg inn ings fo llo w in g  i t s  in tro d u c tio n  by Walsh in  
(13)
1955* atom ic a b so rp tio n  began t o  g e n e ra te  c o n s id e ra b le  i n t e r e s t
in  th e  e a r ly  I9 6 0 1 s a s  an im p o rtan t to o l  f o r  t r a c e  m e ta l a n a ly s is
(c o n c e n tra tio n s  a t  100 ppm o r be low ). Growth in  th e  method was so
ra p id  t h a t  by 1966* v e ry  l i t t l e  f u r th e r  developm ent o f  co n v en tio n a l
(14)
flame AA methods was ex p ec ted . Although th e  tech n iq u e  had under­
gone many improvements and re f in e m e n ts , a new approach was needed fo r  
f u r th e r  advancem ents.
The in tro d u c tio n  o f th e  h ea ted  g ra p h ite  fu rn ace  by L 'vov in  
(15)
1961 o ffe re d  th e  p o s s ib i l i t y  o f p ro v id in g  an a l t e r n a t iv e  t o  flame
a a  m ethods. A lthough t h i s  developm ent went v i r t u a l l y  unno ticed  f o r  
alm ost a decade, Walsh has d e sc r ib e d  i t  as  one o f  th e  two most im­
p o r ta n t  in n o v a tio n s  i n  th e  method (th e  developm ent o f th e  N itro u s
(16)
Oad.de flame was th e  o th e r ) . In  s p i t e  o f  th e  h ig h  s e n s i t i v i t y
i n i t i a l l y  a t ta in a b le  w ith  th e rm a l m ethods, th e y  were g e n e ra l ly  n o t  
p r a c t i c a l  fo r  q u a n t i ta t iv e  a n a ly s is  due to  t h e i r  la c k  o f  p re c is io n  
and accu racy .
The p re c is io n  and accu racy  o f flam e methods however could  n o t
compensate fo r  th e  poor e f f ic ie n c y  in  p roducing  f r e e  atom s, as
evidenced  by r e l a t i v e l y  low s e n s i t i v i t i e s  ( in  th e  p a r t  p e r  m il l io n
ra n g e ) . The need  f o r  a more e f f i c i e n t  method can be de tenn ined  from
(17)
th e  fundam ental eq u a tio n  o f atom ic a b so rp tio n  (eq u a tio n  1 ) .
w h ere :
Ktf dll = t o t a l  a b so rp tio n  over th e  a b so rp tio n  band from  
0 t o  00
e = e le c t r o n ic  charge
m = mass o f  th e  e le c t ro n
c = th e  speed o f  l i g h t
N = t o t a l  number o f atom s t h a t  can ab so rb  a t  frequencyV
f  = o s c i l l a t o r  s t r e n g th  a t. freq u en cy  V
Since  a l l  o th e r  f a c to r s  in  th e  above e q u a tio n  a re  c o n s ta n t f o r  a 
g iven  e lem ent ex cep t N ( th e  t o t a l  number o f  f r e e  atoms t h a t  can ab so rb  
a t  freq u en cy  V)* N m ust be th e  l im i t in g  f a c to r  f o r  a b s o rp tio n  s e n s i t i -
7 -16v i t y .  T h e o re t ic a l ly  a s  few as 10 atom s,  o r  ap p ro x im ate ly  10 grams
(IS )
o f  an e lem ent shou ld  r e s u l t  i n  1% a b s o rp t io n . The in e f f i c i e n c y
-7o f  flam es i s  c l e a r l y  d em onstra ted  by th e  f a c t  t h a t  10 gram s, o r 
1610 atom s, t y p ic a l l y  g iv e  1% a b so rp tio n  in  f la m e s . The g r e a te r
e f f i c ie n c y  o f  carbon fu rn a c e s  i s  e v id e n t a s  on ly  10”*^ —1 0 ~ ^  gram s,
11 13 (19)
o r  10 —10 atoms have r e s u l te d  in  1% a b s o rp tio n  f o r  m ost m e ta ls .
T y p ic a l s e n s i t i v i t i e s  o f flam e m ethods and carbon a to m ise rs  a re  g iven  
in  T able 1 . The p o t e n t i a l  s e n s i t i v i t y  o f  carbon  a to m ize rs  le d  t o  ex­
te n s iv e  work by many r e s e a rc h e rs  t o  surm ount th e  problem s o f  p re c is io n  
and a ccu racy  o f  non-flam e m ethods.
C o n sid e rab le  i n t e r e s t  i n  th e rm a l methods was g e n e ra te d  a f t e r  th e  
I n te r n a t io n a l  Atomic A bsorp tion  C onference h e ld  a t  S h e f f ie ld  England
i n  1969. D uring t h i s  c o n fe re n c e , two new g ra p h ite  fu rn a c e s  were
(20) (21) 
announced by West and Robinson .
oTiiBIH 1
S21; SIH IV ITT C CKPA2ISGII OF AA a %  A)
( A ) P la n e O r a 'c l i i  e F u ru a c  5 <20u)
E le m e n t ‘. : a v e le n ~ ih 0 en  s i  C i  v i  t  y ( F FK) S e n s i  t ± v i t  v ( PPM1 A b s o lu te
■n-1 3052 1 .0 0 .0 0 7 1 3 0 .
As 1937 1 .0 0 .0 0 8 1 5 0 .
He 2349 0 .0 2 A 0 .0 0 0 2 3 .4
H i H231 0 . 4 0 .0 1 4 2 3 0 .
Ca 4227 O.Oif 0 .0 0 0 2 > • 1
Cd * ■  a ^ 0*03 0 .0 0 0 0 A O .o
Co 2407 0 . 1 3 0 .0 0 5 1 2 0 .
f!" 3379 0 . 1 0 .0 0 1 1 3 .
rx
■J O •3321 0« Js 0 .0 0 4 71 .
Cu' 3247 0 .1 0 .0 0 2 45*
Ca 2 3 7 4 ♦-1 f— 0 .0 c i iOO .
* i “*-■-O
0  ■ i—»
r 1 .0 1 *5 1 5 0 0 0 .
Liu 2 7 9 5 0 . 0 3 0 .0 0 G 4 7 .
r"i 2 3 2 0 0 .1 0 .0 1  5 5 : / 0  .
? o 2170 0 .2 0 . 0 0 1 2 5 .
? d 247S 0 .5 0 . 0 1 3 2 5 0 .
P t 2559 1 .0 0 .0 ^ 7 4 0 .
?.b 7G00 0 .1 0 .0 0 2 4 1 .
513 2175 0 .5 0 .Otiy 3 1 0 .
31 251 6 1 .0 0 .0 0 1 2 4 .
Sn 2 5 5 4 f . q ->•2 C . 2 7 ^ J-evJ .
On. 2139 0 .0 1 0 .0 0 0 1
o»
0
2 . 1  
t  ' n - 1£A. 1 U
T his in c re a s e d  i n t e r e s t  was rew arded w ith  th e  subsequen t d ev e lo p ­
ment o f  com m ercial g ra p h ite  fu rn a c e s  by V arian  and P e rk in -S lm er
( f ig u re  1 ) .  V arian  in tro d u c e d  a  fu rn ace  (model 61 carbcn  rod  a to m iz e r)
(22)
em ploying a  m o d if ic a tio n  o f  a  method proposed by W est. P e rk in -
E lm er in tro d u c e d  th e  HGA-70 G ra p h ite  Furnace em ploying a m o d if ic a tio n
(23-24)
o f  a  method proposed  by Massman.
These e a r ly  com m ercial a to m ize rs  e x h ib i te d  h ig h  s e n s i t i v i t y  and 
f a i r l y  good p r e c is io n .  However, b o th  a to m ize rs  s u f fe re d  from  sev ere  
chem ical in te r f e r e n c e s  f o r  th e  in co m p le te  d e g ra d a tio n  o f  th e  sample 
m a tr ix .  T h is  problem  was e s p e c ia l ly  a c u te ,  a s  a to m iz a tio n  occu rs in  
th e  l i g h t  p a th  i n  th e s e  d e s ig n s , so  t h a t  th e  m a tr ix  a b so rp tio n  was a 
d i r e c t  in te r f e r e n c e .  In  o rd e r  t o  overcome t h i s  p roblem , a th re e  
s ta g e  a to m iz a tio n  p ro c e ss  was d ev e lo p ed , and c o n s is te d  o f :  evapora­
t io n  o f  s o lv e n t ,  a sh in g  t o  decompose th e  m a tr ix ,  and a  ra p id  h ig h  
tem p era tu re  a to m iz a tio n  s t e p .  The s o lv e n t e v a p o ra tio n  and o rg an ic  
a sh in g  s te p s  d id  n o t  produce any u s e f u l  in fo rm a tio n  and were n o t  r e ­
co rded . T h is  th r e e - s t e p  method re q u ire d  p r e c is e  power supp ly  and
(25)
tem p era tu re  c y c le s ,  b u t proved t o  be re p ro d u c ib le  ( f ig u re  2 ) .
A utom atic s im u ltaneous background c o r re c t io n  was v i t a l  i n  a s s u r r in g
th e  accu racy  o f  th e  m ethod.
However, i t  has been shown t h a t  v o l a t i l e  m e ta l sp e c ie s  may be
l o s t  in  th e  e v ap o ra tio n  and a sh in g  s te p s  w hich cou ld  le a d  t o  low er
(26)
re p o r te d  r e s u l t s .  T able 2  g iv e s  a summary o f  re p o r te d  lo s s e s  o f
(27)
m e ta ls  by v a r io u s  r e s e a rc h e rs  d u r in g  d ry  a sh in g  te c h n iq u e s .
The a to m ize r in tro d u c e d  by  Robinson a t  th e  S h e f f ie ld  C onference
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MON-FLAME ATOMIZATION CELLS
(a) Cross section of heated graphite furnace 
Courtesy of perkin-Elmer Corporation
(b) Carbon rod and cup (mini-Massmann) furnace 
Courtesy of Varian Techtron
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TABLE 2
CONTAMINATION IN TRACE ANALYSIS
Summary o f  R epo rts  cn L osses D uring Dry Ashing
M etal C o n d itio n s
1 . A rsen ic
2 .
3 .
A. Chromium 
5 . Copper
6 . I r e n
"L oosely bound" a s  in  b lood  may v o l a t i l i z e  as unknown 
compound, a t  56°C.
Boron V o la t i l i z e s  w ith  steam  from  a c id  s o lu t io n s .
Cadmium V o la t i l i z e s ,  p o s s ib ly  as th e  c h lo r id e ,  o r  m e ta l ,  b e ­
tween A00°C and 500°C.
V o la t i l i z e s  a s  c h ro n y l c h lo r id e  a t  low te m p e ra tu re s  
under o x id iz in g  c o n d itio n s
V o la t i l i z e s  a s  p o rp h y rin  compounds when p e tro leu m  
sam ples a re  b u rn ed .
V o la t i l iz e s  from  v in e g a r , p o s s ib ly  a s  copper a c e ta t e ,  
a t  low te m p e ra tu re s .
Reduces t o  m e ta l which i s  n o t  d is s o lv e d  by  hydro­
c h lo r ic  a c id .
V o la t i l iz e s  as f e r r i c  c h lo r id e  a t  450°C.
V o la t i l i z e s ,  a s  po rp h y rin  compounds when p e tro leu m  
sam ples a re  b u rn ed .
When m a te r ia ls  w ith  a  h igh  phosphorus to  i ro n  r a t i o  
a re  a sh e d , an u n id e n t i f ie d  compound i s  formed w hich 
re s is ts ^  s o lu t io n  o r h y d ro ly s is ,  c au sin g  low r e s u l t s
7 . Lead V o la t i l iz e s  from  b lood  o r p e tro leum  u n le s s  s u l f a te
i s  p r e s e n t .
M ercury V o la t i l iz e s  a s  m e ta l below 450°C.
N ick e l V o la t i l iz e s  a s  p o rp h y rin  compounds when p e tro leum
sam ples a re  b u rn ed .
V o la t i l i z e s ,  presum ably  a s  one o f  th e  o x y -a c id s , 
e s p e c ia l ly  when s u l f a te  i s  p r e s e n t ,  ex cep t in  th e  
p resen ce  o f  ex cess  magnesium.
V o la t i l iz e s - a s  po rp h y rin  compounds when p e tro leu m  
sam ples a re  b u rn ed .
V o la t i l iz e s  a s  th e  c h lo r id e  below  450 C.
Zinc V o la t i l i z e s ,  presum ably  as th e  c h lo r id e  above 450°C.
E lem ents one would, n o t  e x p ec t t o  rec o v e r in  d ry  ash in g  because 
o f  th e  g e n e ra l ly  low b o i l in g  p o in ts  o f  t h e i r  compounds in c lu d e  
th e  n o n -m e ta ls  o f  p e r io d ic  columns IV , V, V I, VII (ex cep t S and 
P) and p o s s ib ly  Ca, I n ,  and T l .
S .
9 .
10 . Phosphorus
11 . Vanadium
12.
13.
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avoided t h i s  problem as a l l  s ta g es  o f  atom ization  are r e la t iv e ly  slow  
and occur ou tsid e  the l ig h t  path . The o r ig in a l d esign  c o n sis te d  o f a 
"T" shaped absorption c e l l  constructed  o f  quartz (f ig u r e  3 ) .  The 
atom ization  s i t e  was a bed o f  graphite in  th e  stem or neck o f  the "T". 
By u sing  a c tiv a te d  carbon, gaseous as w e l l  as l iq u id  or s o l id  samples 
could be analyzed . Because atom ization  took p lace o u tsid e  the l ig h t  
path, th e  sample m atrix  problem was alm ost com pletely  e lim in a ted .
The la r g e  mass o f h e a te d  carbon a ls o  r e s u l te d  i n  e x c e l le n t  s e n s i t i ­
v i ty  and r e p r o d u c ib i l i ty  a s  sam ples had a  long  c o n ta c t  tim e w ith  th e  
heated  ca rb o n .
In  s p i t e  o f  i t s  a d a p ta b i l i t y  to  a v a r i e ty  o f  sam ples, e x c e l le n t  
r e p r o d u c ib i l i ty ,  ease  o f  o p e ra tio n  and h ig h  s e n s i t i v i t y ,  t h i s  d e s ig n  
s u f fe re d  from  a v e ry  s e r io u s  drawback to  f u r th e r  a p p l ic a t io n .  The 
q u a rtz  u sed  to  f r a b r i c a t e  th e  a to m ize r had a  m e ltin g  p o in t  o f a p p ro x i­
m ate ly  1650^0. A lthough th e  tem p era tu re  o f  th e  a to m ize r  - ( ty p ic a l ly  
1500^0) was s u f f i c i e n t  f o r  a to m iz a tio n  o f  f a i r l y  v o l a t i l e  m e ta ls ,  such 
as z in c ,  l e a d ,  m ercu ry , a r s e n ic ,  and cadmium, many m e ta ls  re q u ire d  
h ig h e r  te m p e ra tu re s  f o r  e f f i c i e n t  a to m iz a tio n . M etals such a s  t i n ,  
g o ld , and copper were p o o rly  a tom ized  a t  t h i s  te m p e ra tu re , w h ile  i r o n ,  
p la tin u m , chromium and n ic k e l  cou ld  n o t  be de te rm ined  under th e s e  
c o n d i t io n s .
S e v e ra l  h ig h  tem p era tu re  m a te r ia ls  capab le  o f  b e in g  f a b r ic a te d  
in to  th e  "T" shape were e i t h e r  n o t  a v a i la b le ,  n o t  econom ically  f e a s ­
i b l e ,  o r  \je re  n o t  a c c e p ta b le  f o r  v a r io u s  re a so n s . The m ost rea so n ­
a b ly  p r ic e d ,  and e a s i l y  a v a i la b le  a l t e r n a t e  m a te r ia l  was ca rb o n , and
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th e  subsequent f u r th e r  developm ent o f th e  o r ig in a l  q u a rtz  "T" design  
y ie ld e d  numerous s i z e s ,  sh ap es , and c o n fig u ra tio n s  o f carbon l,T "s.
Development o f new tec h n iq u e s  (such a s  an a i r  p o l lu t io n  a n a ly s is )  
w i l l  be th e  to p ic  o f p a r t  A o f  t h i s  d i s s e r t a t io n .  C hapter 1 d e a ls  
w ith  th e  d i f f i c u l t  problem s encountered  in  a tm ospheric  a n a ly s is  o f 
heavy m eta ls  a t  v e ry  low c o n c e n tra tio n s , and tec h n iq u e s  t h a t  were 
developed employing atom ic a b so rp tio n  t o  overcome th e s e  problem s. Also 
in c lu d ed  i n .p a r t  A ( in  c h a p te r  2) a re  a s e r ie s  o f  s tu d ie s  o f th e  vapor 
p ressu re  o f m e ta l compounds a t  low te m p e ra tu re s . These s tu d ie s  were 
undertaken  to  accoun t f o r  th e  unexpec ted ly  h ig h  c o n c e n tra tio n s  o f  
m o lecu lar le a d  observed o c c a s io n a lly  du rin g  a s tu d y  o f  th e  e f f e c t  o f 
atm ospheric  c o n d itio n s  on m o lecu la r le a d  c o n c e n tra tio n s  in  th e  a i r ,
A th i r d  s tu d y , d e sc rib e d  in  c h a p te r  3 ,  in v o lv ed  a sy s tem atic  e l im i­
n a tio n  o f  p o s s ib le  sou rces o f  e r r o r  in  th e  method d e sc rib e d  and em­
ployed in  c h a p te rs  1 and 2 o f th e  f i r s t  p a r t .
P a r t  B o f  t h i s  d i s s e r t a t io n  d e sc r ib e s  th e  developm ent o f new 
g ra p h ite  fu rnace  a tom izers and a to m ize r housings fo r  atom ic ab so rp ­
t io n .  C hapter A d isc u sse s  th e  c o n tin u in g  developm ent o f th e  carbcn 
"T11. A lthough many carbon "T" a to m izers  were b u i l t  t o  improve th e  
s e n s i t i v i t y  and r e p r o d u c ib i l i ty  o f  th e  f i r s t  a l l - c a rb o n  J,T", a l l  
subsequent d e s ig n s  had d isa d v a n ta g e s , a s w e ll  as ad v an tag es, w ith  r e ­
sp e c t t o  com m ercial a to m ize rs . The problems and s o lu t io n s  en coun ter­
ed in  each o f  th e  p rev io u s d e s ig n s  i s  d isc u sse d  to  focus th e  d is c u s ­
sion  an problem s rem aining in  th e  carbon "T" d e s ig n , and a ttem p ts  
t h a t  were made by  th e  au th o r to  so lve  th e se  problem s.
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C hap ter 5 i n  p a r t  B d is c u s s e s  th e  v e ry  im p o rta n t need  f o r  d e te r ­
m ining th e  s p e c ie s  o f chem ical form  o f m e ta ls ,  r a th e r  th an  j u s t  th e  
t o t a l  q u a n t i ty  p r e s e n t .  The developm ent o f  a p ro to ty p e  o f a r a d i c a l l y  
new th e rm a l v a p o r iz a t io n /a to m iz a t io n  d ev ice  cap ab le  o f  d e te rm in in g  th e  
o rg an ic  o r  in o rg a n ic  n a tu re  o f  m e ta ls  w i l l  be d isc u sse d  in  d e t a i l .
T h is  d is c u s s io n  w i l l  a ls o  in c lu d e  th e  v a r io u s  c o n s id e ra tio n s  t h a t  went 
i n to  th e  d e s ig n  o f  th e  p ro to ty p e  v a p o r iz e r /a to m iz e r ,  a s  w e l l  a s  p r e ­
l im in a ry  d a ta  o b ta in e d , and s e v e r a l  d e s ig n  m o d if ic a tio n s  t h a t  were 
made t o  im prove th e  s e n s i t i v i t y  and r e p r o d u c ib i l i ty  o f th e  p ro to ty p e . 
S e v e ra l su g g e s tio n s  a re  g iv en  i n  th e  c o n c lu s io n s  i n  t h i s  c h a p te r  on 
p o s s ib le  fu tu r e  m o d if ic a tio n s  t h a t  cou ld  be made to  f u r th e r  in c re a s e  
th e  s e n s i t i v i t y  o f t h i s  m ethod.
In  summary, th e  fo llo w in g  to p ic s  w i l l  be co v ered :
P a r t  A Development o f  T echniques i n  Atomic A bso rp tion  S pec tro scopy
C hapter 1  Measurement o f  Can c e n t r a t i o n s  o f  "M olecular" Lead 
i n  th e  A ir  and O b se rv a tio n s  o f  th e  E f f e c t  o f  
W eather C o n d itio n s on These C o n c e n tra tio n s .
C hap te r 2 Methods f o r  th e  D e te rm in a tio n  o f  th e  Vapor P re s ­
su re  o f  M etal S a l t s  a t  Hoorn T em perature .
C hap ter 3 Development o f  Gaseous S tan d ard s  t o  D eterm ine th e  
A c t iv i ty  o f  A c tiv a te d  Carbon.
P a r t  B Developm ent o f  G rap h ite  Furnace In s tru m e n ta tio n  in  AA.
C hap ter 4  The C o n tinu ing  Development o f th e  Carbon "T"
D esign A tom izer.
C hap ter 5 Development o f  a  Two S tage  Therm al A tom izer f o r  
M etal S p e c ia tic n  A n a ly s is .
PART A
DEVELOPMENT OF TECHNIQUES 
IN  ■
ATOMIC ABSORPTION SPECTROSCOPE
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CHAPTER X
MEASUREMENT OF CONCENTRATIONS OF "MOLECULAR" LEAD 
IN  THE iilR  jiMD OBSERVATIONS OF THE EFFECT OF "WEATHER 
CONDITIONS ON THESE CONCENTRATIONS
INTRODUCTION
Although atmospheric heavy m etal p o llu ta n ts  vary w id ely  in  th e ir  
n atu re , th ey  may be broadly c la s s i f i e d  as e ith e r  p a r t ic u la te  or non- 
p a r t ic u la te . P a r ticu la te  sp e c ie s  are d efin ed  by the EFA as th ose  
trapped by a 0 .4 5  p f i l t e r .  The EPA d e fin e s  the sp e c ie s  which pass 
through the 0 .4 5  p f i l t e r  as "molecular". There i s ,  undoubtedly, a 
s ig n if ic a n t  q u an tity  o f  p a r t ic u la te s  in  samples which are c o lle c te d  
a f te r  passin g  through the 0 .45  p f i l t e r .  In t h i s  work, we w i l l  d es­
cribe sp ec ie s  which pass through a 0 .0 1  f i l t e r  (100 $) as "molecular" 
in  n a tu re . The great m ajority  o f the data d iscu ssed  in  t h i s  chapter  
were obtained by employing a 0 .0 1  / i  f i l t e r  t o  remove as much p a r ticu ­
la te  m atter as p o s s ib le , and to  d escrib e  the concen tration  measured 
as t r u ly  "molecular" in  n atu re .
Sam pling p ro ced u res  f o r  th e  d e te rm in a tio n  o f  p a r t i c u l a t e  s p e c ie s  
a re  fu n d am en ta lly  d i f f e r e n t  th a n  th o se  fo r  n o n - p a r t ic u la te  s p e c ie s .  
P a r t i c u la t e s  a re  presumed t o  be tra p p e d  an s u i ta b le  f i l t e r i n g  media 
w ith  o n ly  a s u i ta b le  sam pling r a t e  t o  be d e te rm in e d . The presum ption  
t h a t  p a r t i c u l a t e s  may be e a s i l y  tra p p e d  can le a d  to  s e r io u s  e r r o r s ,
because i t  has been determined th a t  70^ o f  p a r t ic u la te s  are l e s s  than
(28)
1 m icron i n  d iam e te r  w ith  a s ig n i f i c a n t  q u a n ti ty  l e s s  th a n  0 .4 5  p -  
T his c o u ld , th e r e f o r e ,  r e s u l t  i n  i n c o r r e c t  d a ta  due to  poor e f f i c i ­
ency i n  th e  tra p p in g  s te p  f o r  th e  n o n - p a r t ic u la te  s p e c ie s .
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C onventional a n a ly s is  o f  p a r t i c u la te s  in v a r ia b ly  beg ins by draw­
in g  a measured volume o f  a i r  th rough  a g la s s  f i b e r  f i l t e r ,  membrane 
f i l t e r ,  o r  h ig h  volume im p ac to r, w ith  subsequent e x tra c t io n  o r d ig e s ­
t io n  o f  th e  p a r t i c u l a t e s ,  and th en  a n a ly s is  by some wet chem ical o r
(29)
in s tru m e n ta l  method.
N o n -p a rtic u la te  samples have proven e x p e rim e n ta lly  t o  be more
d i f f i c u l t  t o  t r a p  o r reco v er a c c u ra te ly . A n a ly sis  o f gaseous samples
u s u a lly  fo llo w s a f i l t e r i n g  s te p  t o  se p a ra te  th e  p a r t i c u l a te s ,  w ith  a
subsequent " trap p in g "  s te p  by v a rio u s  methods t o  e x t r a c t  and ccncen-
(30)
t r a t e  th e  n a n -p a r t ic u la te  sp e c ie s  from th e  a i r  s tream .
'As a r e s u l t  o f  th e  com plex ity  in v o lv e d , many "standard"  met­
hods have been proposed as th e  b e s t  method. There i s ,  however, a 
se r io u s  p o s s ib i l i t y  t h a t  a l l  may be in  e r r o r .  The problem o f  a t ­
ta in in g  a c c u ra te  d a ta  i s  com plicated  by th e  f a c t  t h a t  m e ta l p o l lu ­
t a n t  c o n c e n tra tio n s  a re  v e ry  sm a ll (o fte n  l e s s  th an  1 .0  pg/M? o f
N (3D
a i r ) .  Scrubbing 1 VP may on ly  t r a p  ou t 0 .1  p g  o f  th e  p o l lu ta n t
o f  i n t e r e s t  which would re q u ire  a v e ry  s e n s i t iv e  method o f  a n a ly s is .  
T h is problem  may be surmounted e i t h e r  by c o l le c t in g  th e  p o l lu ta n t  
im p u r i t ie s  from a la rg e  volume o f  a i r ,  o r by u s in g  v e ry  s e n s i t iv e  
tech n iq u es  which a llow  sm a lle r  samples t o  be c o l le c te d  and even­
t u a l l y  an a ly se d . Although th e  form er method i s  th e  s tan d ard  tech n iq u e
(32)
used in  a i r  q u a l i ty  a n a ly s is ,  th e re  a re  v e ry  s e r io u s  drawbacks in  
i t s  u se . Problems w ith  sc rubb ing  la rg e  volumes o f a i r  ro u t in e ly  a re  
num erous, b u t s e v e ra l  o f  th e  more im p o rtan t in c lu d e ;
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1) Poor e f f i c ie n c y  o f s ta n d a rd  n c n - p a r t ic u la te  sam pling 
te c h n iq u e s  such a s :
a )  a c id  tra p p in g
b ) s o lu t io n  a e r a t io n  tra p p in g
c ) c ryogen ic  tra p p in g
d )  a c t iv a te d  c h a rc o a l
2) I n t e g r i ty  o f  th e  p a r t i c u l a te  sample th ro u g h  e v a p o ra tiv e  
l o s s .
3 ) C ost o f  equipm ent.
4) Time re q u ire d  in  th e  sam pling s te p  b e fo re  th e  a c tu a l  
a n a ly s is  s te p .
1 . Poor e f f i c ie n c y  o f  n o n - p a r t ic u la te  sam pling te c h n iq u e s .
The problem  o f  e f f i c ie n c y  o f  n o n - p a r t ic u la te  sam pling , may be an 
e s p e c ia l ly  d i f f i c u l t  problem  t o  overcome f o r  v e ry  la r g e  volume sam­
p le s  ta k e n  over a  long  p e rio d  o f  tim e . F o r a c id  t r a p p in g  and s o lu t io n  
a e r a t io n  t r a p p in g , b u b b lin g  la rg e  volumes o f  a i r  th ro u g h  pure a c id s  
o r pure l iq u i d s ,  o r  a c ro s s  v e ry  co ld  s u r f a c e s ,  i s  u s u a l ly  a v e ry  i n ­
e f f i c i e n t  method f o r  n o n - p a r t ic u la te  p o l lu ta n t  d e te rm in a tio n . T his 
problem  can be i l l u s t r a t e d  i n  th e  te ch n iq u e  o f  b u b b lin g  a i r  th ro u g h  
u l t r a - p u r e  n i t r i c  a c id  sc ru b b e rs . In  a  few re p o r te d  c a s e s ,  m easure­
ment o f  th e  le a d  c o n c e n tra tio n  re v e a le d  s i g n i f i c a n t  c o n c e n tra tio n  o f
th e  m e ta l in  th e  2nd, 3 rd , and even th e  4 th  sc ru b b e r when th e s e  were
(33)
scrubbed in  a s e r i e s  o f  t r a p s .  T his c l e a r ly  in d ic a te d  th e  poor
e f f ic ie n c y  o f a e r a t io n  m ethods o f  tra p p in g  n o n - p a r t ic u la te  s p e c ie s .
The problem s encoun tered  w ith  c ryogen ic  sam plers a re  e x te n s iv e .
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in  many a re a s ,  such as L o u is ia n a , T exas, and F lo r id a ,  hum id ity  and 
GO^  p lay  an e s p e c ia l ly  im p o rtan t ro le  i n  any cryogen ic  sam pling te c h ­
n iq u e . The fo rm ation  o f  ic e  o r s o l id  carbon d io x id e  on o r n e a r  th e  
sam pling su rfa c e  may e i t h e r  b lo ck  th e  sam pling en tran ce  o r f i l t e r ,  o r 
a c t  a s  a tra p p in g  dev ice  i t s e l f .  Each o f  th e se  e f f e c t s  le a d s  to  
erroneous d a ta  and low r e s u l t s .
In  th e s e  ex p erim en ts , com m ercial a c t iv a te d  c h a rc o a l was found 
(c h a p te r  2) t o  be an i n e f f i c i e n t  method f o r  tra p p in g  n a n -p a r t ic u la te  
sam ples d e s p i te  i t s  accep tance  and w idespread use in  a i r  p o l lu t io n  
a n a ly s i s .
2 . E r ro r s  in tro d u c ed  in  th e  a n a ly s is  o f a p a r t i c u la te  sample by
e v ap o ra tiv e  lo s s .
The second problem  i s  i n t e g r i t y  o f  th e  p a r t i c u la te  sam ple. I t  
o f ten  occurs i n  h igh  volume sam pling te c h n iq u e s . High volume sam pling 
d ev ices  u s u a l ly  employ r a th e r  la rg e  paper f i l t e r s ,  ty p ic a l ly  8" x  10" 
o r g la s s  f i b e r  f i l t e r s ,  t o  remove p a r t i c u la te s  from th e  a i r  s tream . 
Flow r a te s  v a ry  from l e s s  th an  a l i t e r  per m inute to  s e v e ra l  hundred 
l i t e r s  p e r m in u te . La th e se  methods in c o r r e c t  d a ta  a re  ob ta ined  fo r  
q u ite  a  d i f f e r e n t  reason  th an  th o se  fo r  n o n -p a r t ic u la te  sam ples. I t  
i s  p robab le  t h a t  v o l a t i l e  su b stan ces would be adsorbed  from  th e  a i r  
and c o n ce n tra te d  on th e  su rfa c e s  o f  p a r t i c u la te s  which were trap p ed  
on th e  f i l t e r  e a r ly  in  th e  tra p p in g  s te p .  Under th e  co n tin u in g  a i r  
s tream , th e se  v o l a t i l e  su b s tan ces  may evaporate  o f f  th e  p a r t i c u la te s  
and pass cn th rough  th e  f i l t e r  as a g a s . The n e t  r e s u l t  i s  low d a ta  
fo r  th e  p a r t i c u la te  a n a ly s is  and undoubted ly , a s ig n i f ic a n t  q u a n ti ty
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o f p o l lu ta n t  l o s t  through in e f f i c i e n t  methods o f tra p p in g  fo r  th e  non- 
f i l t e r a b l e  sp e c ie s ,
3 . Cost o f equipm ent.
Although th e  coat o f  equipment i s  n o t a m ajor c o n s id e ra tio n  in  
a l l  a tm ospheric sam pling, i t  may p lay  a ro le  in  remote sam pling.
Under c o s t o f equipm ent, th e  m ajor expense o f ro u tin e  a n a ly s is  may be 
r e f le c te d  in  th e  purchase and use of expensive pumps, and high volume 
sampling devices" (im p ac to rs) , u su a lly  along -with th e  c o s t o f remote 
“s ta n d -a lo n e " power su p p lie s  used in  remote sam pling. An i l l u s t r a ­
t iv e  example o f t h i s  i s  th e  c o s t o f a remote sam pling s i t e  equipped
(34)
w ith  standard  sampling d e v ic e s .
Normal expenses may in c lu d e  c o s t o f m onthly m ain tainance , p e r­
sonnel to  se rv ic e  these  remote s i t e s ,  o r c o s t o f powering them, by 
u t i l i t i e s  o r remote power s u p p lie s . Also under c o s t o f equipm ent, 
may be cryogenic  sampling d ev ices fo r  g ases . The c o s t o f such dev ices 
and o f cryogenic l iq u id s ,  and personnel to  se rv ic e  them, may make such 
sampling tech n iq u es expensive.
4 . Time consumed in  th e  sampling of la rg e  volumes of a i r  fo r  analy ­
s i s .
The fo u r th  problem concerns th e  tim e req u ire d  fo r  c o lle c t in g  
la rg e  volumes o f  a i r  fo r  a n a ly se s . For example, i f  a i r  i s  scrubbed 
a t  a r a te  o f 3 l i t e r s  pa r m inute (which i s  a  h igh  flow r a te  fo r  f i l ­
t e r  e f f ic ie n c y )  hours a re  req u ire d  to  scrub  a  cubic m eter o f a i r ,  
a reasonab ly  s u f f ic ie n t  volume o f a i r  f o r  an average a n a ly s is  by 
conven tiona l means. At a more e f f i c i e n t  sampling r a te  o f l e s s  than
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one l i t e r /m in u te , approximately'- one day o f  con tinuous sam pling i s  r e -
3 3q u ired  to  scrub  1 M , I t  i s  n e c e ssa ry  to  scrub  a t  l e a s t  1 M o f a i r
in  o rd e r t o  t r a p  out a s u f f i c i e n t  q u a n ti ty  o f  p o l lu ta n t  ( —I  u g ) , 
fo r  a n a ly s is  by " s e n s i t iv e "  in s tru m e n ta l tech n iq u es  (Atomic Absorp­
t io n ,  Spark-Source Mass S pec troscopy , Indu ctiv e ly -C o u p led  Plasma Emis­
sio n  S pec troscopy , e tc . ) *  l e s s  s e n s i t iv e  w et c o lo r im e tr ic  chemi­
c a l  a n a ly s is  f o r  le a d  by a i r  scrubb ing  rea g en ts  such as io d in e  mcno-
(35) (36)
c h lo rid e  and 4 (2 -P y rid y la z o ) r e s o rc in o l  (PAR) many cubic
m eters o f  a i r  must be scrubbed to  o b ta in  r e l i a b l e  r e s u l t s .  The 
e f f e c t  on th e  re p o rte d  c o n c e n tra tio n s  due to  th e  sam pling tim e r e ­
qu ired  fo r  l e s s  s e n s i t iv e  tech n iq u es  i s  ev idenced by ty p ic a l  r e s u l t s  
which m y  be re p o rte d  on ly  tw ice a week a s  average v a lu e s  fo r  th e
(37)
sam pling p e r io d .
The e f f e c t  o f len g th y  sam pling p erio d s  i s  a  la c k  o f r e a l- t im e  
d a ta  f o r  p o l lu ta n t  c o n c e n tra tio n s  which may change from hour to  h o u r. 
The re p o rte d  average v a lu e s  may then  be u n re la te d  to  exposure by 
persons a p p a re n tly  n o t invo lved  in  work r e la te d  exposu res. Examples 
o f t h i s  could be policem en d i r e c t in g  t r a f f i c  in  crowded c i t i e s ,  con­
s t r u c t io n  w o rk ers , t a x i  d r iv e r s ,  e t c .  I f  th e  c o n c e n tra tio n  o f  am­
b ie n t  p o l lu ta n ts  were h igh  du ring  th e  day and v e ry  low o r even ab­
se n t a t  n ig h t ,  th en  d i f f e r e n t  " s h i f t s "  o f th e  same job  occupation  
would be exposed to  v a ry in g  h e a l th  r i s k s  due to  a i r  p o l lu t io n .
The developm ent o f  a v e ry  s e n s i t iv e  techn ique  would a llow  th e  
im p lim en ta ticn  o f th e  a l t e r n a te  method o f tra p p in g  sm a lle r  sam ples, 
in  a b r i e f  p e rio d  o f tim e to  g ive  re a l- t im e  a n a ly se s . T his p ro cess
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would seem to  avoid  a good d e a l  o f th e  problems j u s t  d e sc rib e d  and 
id e a l ly  lea d  to  much more u s e fu l  and a c c u ra te  in fo n n a tio n  th an  g ro ss  
m eta l le v e ls  averaged over long  p erio d s  of tim e . The im portance o f 
o b ta in in g  re a l- t im e  d a ta  cannot be overem phasised. The atom ic ab­
so rp tio n  method developed was designed  e s p e c ia l ly  fo r  th e  de te rm ina­
t io n  o f sub p a r t - p e r - b i l l i o n  le v e ls  o f m e ta l l ic  sp e c ie s  in  many 
m a tric e s  ( s o l id s ,  l i q u id s ,  o r  g a s e s ) .  As a p p lied  to  am bient m eta l 
p o l lu ta n t  con c en t r a t i  on, th e  extreme s e n s i t i v i t y  allow ed v e ry  sm a ll 
a i r  sam ples (approx im ately  500 cc) to  be analyzed  in  le s s  than  
f i f t e e n  m in u tes . T his i s  more th an  s u f f i c i e n t  t o  o b ta in  r e a l- t im e  
d a ta  because th e  c o n c e n tra tio n  o f an am bient m e ta l p o l lu ta n t  can be 
ro u t in e ly  determ ined  a t  l e a s t  fo u r  tim es p e r  h o u r.
I t  i s  p r e c is e ly  t h i s  unique a b i l i t y  to  measure heavy m eta l p o l­
lu ta n t s  a t  ex trem ely  low c o n c e n tra tio n s , t h a t  allow ed p a r t - p e r -  
b i l l i o n  c o n c e n tra tio n s  o f am bient le a d  to  be m easured. One m icro­
gram p e r cubic m eter i s  a c tu a l ly  l e s s  th an  p a r t - p e r - b i l l io n  a s  th e  
d e n s ity  of a i r  i s  on ly  1 .22  x  10^g/M3 a t  sea  l e v e l .
l.Q xlO "j?g of  p o l l .A l3 o f a i r  = 3.2xlO ”10PPB o f P o llu ta n t  
1 . 22xlCr g o f  a ir /i-P  o f a i r
T his s e n s i t i v i t y  a ls o  made p o ss ib le  a com prehensive s tu d y  of th e
e f f e c t  o f  changing atm ospheric  c o n d itio n s  on t h i s  p a r t i c u la r  form
o f a i r  p o l lu t io n .
D e ta ile d  s tu d ie s  have been c a r r ie d  ou t in  our la b s  d e a lin g  w ith
th e  d e te rm in a tio n  o f  heavy m e ta l p o l lu ta n ts ,  such as le a d , p re se n t
(38-43)
as b o th  "m olecular" o r p a r t i c u l a t e s .  This d i s s e r t a t io n  was
th e n , a n a tu r a l  e x ten sio n  of p rev ious e f f o r t s  d e a lin g  w ith  th e  p ro ­
blem o f ra p id  measurement o f t o t a l  m eta l c o n c e n tra tio n  o f a few
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se le c te d  heavy m e ta ls . The developm ent o f t h i s  in s tru m e n t, which r e ­
q u ired  on ly  v e ry  sh o r t  sam pling p e rio d , made i t  p o ss ib le  to  c o r r e la te  
m eta l c o n c e n tra tio n s  w ith  changing w eather c o n d itio n s  cn an a lm ost 
in s ta n ta n e o u s  b a s i s .  T his type  o f in fo rm a tio n  i s  c e r t a in ly  n o t  a v a i l ­
ab le  by s tan d ard  sam pling te c h n iq u e s .
The n a tu re  o f th e  d a ta  d e s ire d  and su b seq u en tly  ob tained  r e s u l te d  
from im plem entation o f  a i r  q u a l i ty  s tan d a rd s  e s ta b l is h e d  by th e  Clean 
A ir A ct. Amendments to  th e  C lean A ir Act e s ta b l is h e d  a schedule  fo r  
a s e r ie s  o f phased re d u c tio n s ' o f  a llow ab le  am bient em issions from 
s ta t io n a r y  sources such as a c o a l  f i r e d  u t i l i t y  and movable sou rces 
such as au tom ob iles. One e le m en ta l p o l lu ta n t  which was s in g le d  ou t 
f o r  immediate r e g u la to ry  a c t io n  by th e  c h ie f  enforcem ent agen t o f th e  
Clean A ir A ct, th e  E nvironm ental P ro te c tio n  Agency, was atm ospheric
(44)
le a d . Lead i s  a known h e a l th  hazard  e i t h e r  by in g e s tio n  o r i n -  
(45)
h a la t io n  and im plem entation (com pliance) was begun im m ediate ly .
Lead i s  em itted  i n to  th e  a i r  from many so u rc e s , th e  p r in c ip a l
(46)
one being  autom obile e x h au s ts . S ev e ra l m ill io n  pounds o f  lead
a re  em itted  in to  th e  a i r  every  day by th e  combustion o f g a s o lin e . 
Organic le a d  compounds a re  added to  g a so lin e  a s  a n ti-k n o ck  ag en ts  
which change th e  combustion p ro cess  by reduc ing  engine f r i c t i o n  by 
c o a tin g  and lu b r ic a t in g  v a lv e s  and p is to n  com pression r in g s .  The 
n e t  r e s u l t  o f  t h i s  i s  a h ig h e r  e f f e c t iv e  octane r a t in g  f o r  g a s o l in e . 
High com pression r a t i o  eng ines cannot be used w ith  low octane gaso­
l in e  as a g re a t  d e a l more f u e l  i s  req u ire d  fo r  th e  same engine lo a d .
I f  o i l  companies were re q u ire d  t o  remove th e  a lk y l- le a d  compounds 
from a l l  g a so lin e , th en  a more com plicated  m ixture o f more expensive
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a d d i t iv e s  (such  as MMT-Mesitylene Molybdenum T r ic a rb c n y l)  would be 
re q u ire d  t o  r a i s e  th e  o c tan e  r a t in g s  t o  a s im i la r  degree  a s  th o se  
w ith  added le a d  compounds.
T his com pliance problem  n a tu r a l l y  r e s u l te d  i n  c o n f l i c t  between 
m an u fac tu re rs  o f  a lk y l - le a d  compounds .and th e  goverm en ta l a g en c ie s  
e n tru s te d  w ith  m a in ta in in g  th e  h e a l th  o f  c i t i z e n s .  In  th e  ensu ing  
c o n f l i c t ,  th e  i n i t i a l  c o n tro v e rsy  c e n te re d  n o t  on p o s s ib le  d e le te r io u s  
h e a l th  e f f e c t s  o f  in h a le d  le a d  compounds b u t th e  a c tu a l  l e v e ls  o f  ex­
posure  r e s u l t i n g  from em iss io n  from au to m o b ile s . To re s o lv e  t h i s  
d is p u te ,  a c c u ra te  and r e l i a b l e  d a ta  on am bient c o n c e n tra tio n s  o f 
le a d  were r e q u ir e d .  T h is i s s u e  seemed to  len d  i t s e l f  q u i te  r e a d i ly  
to  th e  in s tru m e n t and method a t  hand. F e d e ra l  fund ing  p layed  a v i t a l  
r o le  i n  th e  subsequen t developm ent o f  t h i s  in s tru m e n t and th e  d a ta  
which w i l l  be d e sc r ib e d  in  t h i s  d i s s e r t a t i o n .
Wot o n ly  cou ld  th e  in fo rm a tio n  re q u ire d  be determ ined  r o u t in e ly ,  
a c c u ra te ly  and r a p id ly ,  b u t  i t  could  a ls o  be c o r r e la te d  to  c u r r e n t ly  
e x is t in g  w eather c o n d itio n s  (even th o se  w hich o f te n  change r a p id ly  
such a s  wind d i r e c t io n  and sp e ed ).
P rev io u s work i n  t h i s  a re a  c c n s i s ta n t ly  re v e a le d  t h a t  p a r t i c u ­
l a t e  l e v e l s  by t h i s  method were i n  agreem ent w ith  s ta n d a rd  p a r t i c u l a te  
b u t th e  gaseous o r  n o n - f i l t e r a b l e  le a d  l e v e l s  o f te n  exceeded th e  p a r -
(47)
t i c u l a t e  l e v e l s .  S ince  th e  p a r t i c u l a t e  d a ta  was i n  agreem ent w ith
d a ta  re p o r te d  by s ta n d a rd  m ethods, th e  a i r  sam pling and d a ta  c o l le c ­
t io n  focused  cn th e  n a n - f i l t e r a b l e  o r  "m olecu lar"  le a d  s p e c ie s .  The 
c o r r e l a t io n s  o f  w eath er c o n d it io n s  t o  am bient c o n c e n tra tio n  made,' 
concern t h i s  n a n - f i l t e r a b l e  form  o f  am bient le a d .
n. experimental equipment ahd techniques employed
A. Equipment
T h is s e c t io n  d e s c r ib e s  th e  tec h n iq u e s  and components used 
in  th e  s in g le  beam a b s o rp tio n  system . Some components were con­
s t r u c te d  in  our la b s  f o r  th e s e  s tu d i e s ,  o th e r  components were com­
m e rc ia l  u n i t s  ta k e n  from  p rev io u s  equipm ent.
1 . O p t ic a l  L igh t P a th
The o p t i c a l  l i g h t  p a th  i s  shown sc h e m a tic a lly  i n  
f ig u re  4* i t  can be seen  t h a t  t h i s  was a s in g le  beam system . T h is  
n e c e s s i t a te d  c o n s ta n t m o n ito rin g  o f  th e  l i g h t  i n t e n s i t y  and d e te c ­
t o r  repcnse  t o  avo id  problem s a r i s in g  from  d r i f t .  A lthough d r i f t  
c o r r e c t io n  and a e ro  ad ju s tm en t problem s can be e lim in a te d  u s in g  
double beam o p t ic s ,  th e  developm ent o f  such a  system  i s  c o n s id e ra b ly  
more co m p lica ted  and p rov ided  l i t t l e  o th e r  a d v an tag e .
2 . Components
A l i s t  o f  components i s  shown below . A schem atic  
diagram  o f  t h e i r  f u n c t io n a l  p o s i t io n  i s  shown in  f ig u re  5 .
a .  L ig h t s o u rc e s :  B aines Glamax Demountable Hollow
Cathode Lamp System Beckman D euterium  Lamp,
No. 96280
b . Chopper: J a r re l-A s h  m ech an ica l, from Model
82-360 A.A. u n i t .
c . A tom izer: D esigned and c o n s tru c te d  in  our la b s
(see  f ig u re  2)
d . Monochromator: J a r re l-A s h  Model 82-500 0 .5
m ete r E b e r t  Scanning
D e te c to r ;  J a r re l-A s h  Model 106 p h o to m u ltip lie r  
A m p lif ie r : P.A .R. Model 126 lo c k - in  w ith  Model
184 Photom etric  P re a m p lif ie r  
R ecorder: Beckman Model 10005, 10 -inch
p o te n tio m e tr ic
D e tec to r  Power Supply: H ew lett-P ackard  H arriso n  
Model 6515-A 0-1600 V, 0-5mA 
RF G en era to r: L epel Model T -5 -3 -m c -j-b , 5000
w a t t ,  3-10 MHZ
C e ll Vacuum Pump: Bantam Model 7064
Lamp Vacuum Pump: Welch D uo-S eal, Model 1404
Flowm eter: Matheson Model 7228, S e r ie s  602
P o te n tio m e te r: H e lio p o t C o rp ., Model T-10-A,
10K ohm, te n - tu r n  
O ther equipm ent:
1) Eppendorf 5 ju l a u to -p ip p e t te
2) H am ilton 1 , 2 , o r 3 / J l  m ic ro p ip e t
3 ) F i l t e r s  f o r  P a r t ic u la t e  Sampling
a )  Carbon D isc 0 .4 5  P- P°re s iz e
b ) Membrane 0 .0 1  jx pore s iz e
4) S p e c tro s c o p ic a lly  Pure Q uartz
5) A c tiv a te d  Carbon
a) N a tio n a l brand
b) U ltraca rb o n  brand
0 )  ( 2 )  ( 3 )  (2)  (4 )
FIGURE 4
OPTICAL LIGHT PATH OF THE SINGLE-BEAM 
ABSORPTION SYSTEM
1) Source: Hollow Cathode Lamp
2) Focusing Lens
3) Atomiser
4 ) Grating Mcnochomator
5) P h otan u ltip lier  Tube (D etector)
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3 . A more d e ta i le d  d e s c r ip t io n  o f th e  m ajor components 
fo llo w s .
a . L ig h t source
A demountable hollow  cathode lamp was c o n s tru c ted
(48)
u sin g  an improved desig n  based on an o r ig in a l  commercial system . 
A lthough th e  com m ercial demountable hollow  cathode lamp (from  B aines 
E ng ineering  Company -  S tam ford, Ccmn.) was v e ry  s ta b le  and depend­
ab le  an a long  term  b a s i s ,  th e  d e s ig n , i l l u s t r a t e d  in  f ig u re  6a, 
d id  n o t  a llow  f o r  r a p id  o r  easy  rem oval o f  th e  m e ta l cathodes used 
in  t h i s  work, o r o th e r  re se a rc h  e f f o r t s  a ls o  c a r r ie d  out an th e  AA 
system . A mica e l e c t r i c a l  in s u la to r  between th e  cathode ( - )  and 
anode (+) (which p reven ted  a plasma from being  e s ta b l is h e d  between 
th e  b ra s s  e le c tro d e  h o ld in g  th e  ca thode, and th e  anode) a ls o  proved 
to  be a fre q u e n t source o f  lamp f a i l u r e .
These d esig n  problem s were overcome in  a red e s ig n  o f  th e  hollow  
cathode lamp ( f ig u re  6b) by  a p rev ious member o f  t h i s  re s e a rc h  g roup , 
Duane K. W olco tt. The b ra s s  e le c tro d e  ho ld ing  th e  m eta l cathode was 
redesigned  f o r  qu ick  rem oval and th e  mica in s u la to r  was rep la ce d  by 
a m achinable ceram ic d is c  which a ls o  served  to  ho ld  th e  cathode in  
p la c e .
The lamps c o n s tru c te d  i n i t i a l l y  w ith  t h i s  design  were made o f 
T eflon which proved to  be v e ry  d i f f i c u l t  t o  s e a l  a g a in s t  a i r  le a k s .  
1-tin o r a i r  le a k s  s e v e r ly  reduced th e  ou tpu t of th e  H.C. lamps and 
m ajor a i r  le a k s  p reven ted  m e ta l vapor plasma fo rm atio n . The anode 
could  be v e ry  ra p id ly  heated  by poor e l e c t r i c a l  c o n ta c t .  The T eflon  
n e a r  th e  h o t anode so ften ed  and "flow ed". T his q u ick ly  produced a i r
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le a k s  a t  th e  e l e c t r i c a l  o r  gas c o n n ec tio n s  on th e  body.
The anode h e a tin g  -  a i r  le a k  e f f e c t  was a v e ry  s e r io u s  p ro ­
blem  on th e  f i r s t  lamps em ploying th e  new d e s ig n . A nother r e s e a r c h e r ,  
Robin B in d e r, a ttem p ted  t o  overcome t h i s  by c o n s tru c t in g  th e  n e x t 
lamp body from  p o ly v in y l c h lo r id e  (PVC). T his e lim in a te d  th e  flow ­
in g  problem  o f  th e  T e flo n , b u t u n fo r tu n a te ly  th e  e l e c t r i c a l  c o n ta c ts  
o f  t h i s  lamp d e s ig n  d id  n o t  m a in ta in  an a i r t i g h t  s e a l  cn th e  h a rd e r  
PTC ( f ig u re  6 c ) .  The a i r  le a k  problem  was e v e n tu a l ly  rem edied by 
employing a l a r g e r  o n e -p iece  b ra s s  e le c t r o d e ,  w ith  a  l a r g e r  d iam e te r 
PVC body t o  p rov ide  more th re a d  d ep th  f o r  th e  b ra s s  e le c tro d e  
( f ig u re  6 d ) .
In  p r a c t i c e ,  a cathode o f  th e  e lem ent t o  be an a ly zed  was i n s e r ­
te d  a s  shown in  f ig u re  6 . The p re s su re  was th en  a d ju s te d  t o  a p p ro x i­
m a te ly  8  mm Hg w ith  Helium as a f i l l e r  g a s . A plasm a was e s ta b l is h e d
a t  a c o n s ta n t  p o t e n t i a l  o f  290 V.DC. T h is  plasm a su p p lie d  s u f f i c i e n t
(49)
energy  t o  ’’s p u t te r "  a c loud  o f  f r e e  atoms from th e  m e ta l cathode 
w ith  s im u ltan eo u s e x c i ta t io n  o f  th e  f r e e  atoms from  th e  ground s t a t e  
t o  v a r io u s  e x c i te d  s t a t e s .  The r e la x a t io n  p ro c e ss  occured  by th e  
em ission  o f  a photon a t  th e  resonance  w av elen g th . T h is was i d e n t i c a l  
t o  th e  resonance  a b so rp tio n  w avelength  o f  th e  f r e e  atom s produced in  
th e  a to m iz e r .
b . Chopper
I t  was d e s i r a b le  to  reco rd  on ly  th e  d if f e r e n c e  betw een 
th e  l i g h t  i n t e n s i t y  b e fo re  and a f t e r  a b so rp tio n  by th e  sam ple.
S e rio u s  e r r o r  cou ld  r e s u l t  i f  a  D.C. a m p l i f ie r  were used  in  th e  sy s ­
tem . At a to m iz a tio n  te m p e ra tu re s , th e  sam ple a to m 's  a b so rp tio n  o f
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FIGURE 6
C on tinu ing  developm ent o f th e  dem ountable ho llow
cathode lam p.
A) I l l u s t r a t e s  th e  p r in c ip le  com m ercial u n i t  
(from  B arnes E n g in eerin g ) used  in  th e se  s tu d ie s .
B) M ajor d esig n  change by  Duane K. W o lco tt, to  
f a c i l i t a t e  changing th e  m e ta l cathode and p ro ­
v id e  b e t t e r  e l e c t r i c a l  in s u la t io n  o f  th e  c a t ­
hode ( - )  from  th e  anode (-r) by  m achinable 
c e ram ic .
C) Lamp body changed to  PVC from  te f lo n  b y  Robin L . 
B inder t o  p re v e n t a i r  le a k s  i n  th e  t e f l o n  body 
(which a re  d i f f i c u l t  t o  s e a l ) .
D) R edesign o f  e l e c t r i c a l  c o n ta c ts ,  by th e  a u th o r ,  
t o  co m p le te ly  e lim in a te  a i r  l e a k s ,  by in c re a s in g  
body d iam e te r  and employing a  s in g le  p ie c e  b ra s s  
e le c tro d e  screw ed i n to  th e  PVC body.
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l i g h t  a t  th e  resonance  -wavelength i s  fo llow ed  by  subsequen t d e -  
e x c i t a t i c n  and em ission  o f  l i g h t ,  some o f w hich may occu r a t  th e  
resonance  w avelength  o f  th e  a b so rb in g  atom s. T h is em iss icn  would 
be co n tin u o u s in  n a tu re  (D .C .) and would be added to  th e  em ission  
o f  th e  ho llow  cathode lamp a t  th e  resonance  w av e len g th . T h is cou ld  
le a d  t o  s e r io u s  e r r o r  by  in c re a s in g  th e  amount o f  unabsorbed l i g h t  
a t  e le v a te d  a to m ize r te m p e ra tu re s . To circum vent t h i s  problem , th e  
l i g h t  source  was m ec h an ica lly  chopped a t  th e  A.C. l in e  freq u en cy  o r 
a  m u lt ip le  o f  i t ,  and a phase s e n s i t iv e  A.C. a m p l i f ie r  was employed 
in  th e  s ig n a l in g  system . T h is e lim in a te d  in te r f e r e n c e  from  th e  D.C. 
em ission  o f  th e  sample i n  th e  a to m iz e r . The chopped r a d ia t io n  was 
focused  on to  th e  e n tra n c e  to  th e  a to m ize r by a p lano -convex  q u a rtz  
l e n s .
c . A tom izer
The a to m iz e r , i l l u s t r a t e d  in  f ig u re  was c o n s tru c ­
te d  from  u l t r a - p u r e  q u a rtz  tu b in g  in  th e  shape o f a "T" w ith  two 
q u a rtz  d is c s  fu sed  to  th e  ends o f  th e  c ro s s  p ie c e .  Vacuum p o r ts  
were lo c a te d  ap p ro x im ate ly  one in c h  from  th e  q u a rtz  d i s c s .
The l i g h t  p a th  p o r t io n  o f th e  "T" was wrapped w ith  s ix  o r seven 
la y e r s  o f  a sb e s to s  chord and ta p e .  These la y e r s  o f  a sb e s to s  i n  con­
ju n c t io n  w ith  an e l e c t r i c a l l y  h e a te d  nichrcm e w ire  a d e q u a te ly  m ain­
ta in e d  a l i g h t  p a th  tem p era tu re  i n  ex cess  o f  900°C, T h is tem p era tu re  
was n e c e s sa ry  t o  in c re a s e  th e  l i f e t im e  o f  th e  f r e e  atoms in  th e  l i g h t  
p a th . T h is tem p era tu re  was a ls o  s u f f i c i e n t  t o  p rev e n t CO in  th e  
l i g h t  p a th  from  b e in g  o x id iz ed  t o  COg. T h is m a in ta in ed  th e  f r e e  
atcans i n  a red u c in g  atm osphere and pro longed  t h e i r  l i f e t i m e .
The h e a r t  o f  .the a to m ise r was a bed o f carbon p ie c e s  w hich was 
co n ta in ed  in  an " in n e r s le ev e "  o f  q u a r ts .  T his s le e v e , which could  
be e a s i ly  in s e r te d  and removed from th e  neck  p o r t io n  o f  th e  "T", 
se rved  to  ex p ed ite  th e  lo ad in g  o f  th e  carbcn bed and p reven ted  
v i t r i f i c a t i o n  o f  th e  q u a rtz  c e l l  w a ll  caused by rep ea ted  h e a tin g  
and co o lin g  c y c le s . The in n e r  s le ev e  was se a le d  w ith  an "0" r in g  
to  th e  neck p o r t io n  o f  th e  "T" to  p rev en t a i r  leakage around th e  
bed . Oxygen in  th e  a i r  drawn th rough  th e  h ea ted  carbcn  was con­
v e r te d  com plete ly  t o  carbon monoxide as long a s  th e  bed tem pera tu re  
was m ain ta ined  above 900°C. T his r e s u l te d  in  a reducing  atm osphere 
which was n e c e ssa ry  fo r  th e  p roduction  o f f r e e  atoms from a sample 
p a ss in g  th rough  th e  h ea ted  carbon . T yp ical o p e ra tin g  tem p era tu res  
o f  th e  bed v a r ie d  between U+50°C -  1550°C. A lthough th e  m eltin g  
p o in t  o f q u a rtz  i s  1650°C, th e  u n c e r ta in ty  o f  tem pera tu re  m easure­
ment by th e  o p t ic a l  pyrom eter p rec luded  th e  use o f tem p era tu res  
h ig h e r  than  1 5 5 0 cn a ro u tin e  b a s is  due to  so f te n in g  o f  th e  q u a rtz  
above 1550°C.
d . Mcnochromator
A fte r  p a ss in g  th ro u g h  th e  a to m ize r, th e  l i g h t  was 
re fo cu sed  by a  planoconvex le n s  onto th e  en tra n ce  s l i t  o f th e  
mcnochromator where a d i f f r a c t i o n  g ra t in g  (1120 l in e s  p e r mm and
0.2A in  r e s o lu t io n )  d isp e rse d  th e  l in e  o f  i n t e r e s t  onto th e  d e te c to r .
e .  D e tec to r
The d e te c to r  used was R 106 p h o to m u ltip lie r  tube  r e ­
sponsive in  th e  range 1600A -  8000A. The s ig n a l  was am p lifie d  by a 
phase s e n s i t iv e  A.C. a m p l i f ie r ,  s e t  t o  pass on ly  a  narrow  band o f
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freq u en cies  co n ta in in g  th e  chopper frequency. This p revented  RF 
ra d ia t io n ,  o r harmonics o f i t  from, being d e te c te d  and a m p lifie d ,
f . Power supply  t o  th e  atom izer
Power fo r  h e a tin g  th e  carbon a tom iza tion  bed was 
supp lied  by a Radiofrequency g en e ra to r  Model T-5-3-mc~;j-b. Atomi­
z a tio n  tem pera tu res were n o t l im ite d  by th e  g e n e ra to r (as i t  was 
ty p ic a l ly  used a t  only 20$ o f f u l l  power) b u t by th e  quartz  from 
which th e  c e l l  was c o n s tru c te d .
B. M a te ria ls  Required f o r  th e  Sampling Procedure
1. A c tiva ted  carbon -  To absorb m olecu lar (gaseous) 
p o l lu ta n ts  from th e  a i r  i t  was n ecessa ry  to  use a c tiv a te d  carbon.
The carbcn used in  th e  atom izer beds was unique in  so m e 're sp ec ts , 
and i t  was t h i s  uniqueness which allow ed th ese  s tu d ie s  to  be made. 
The o r ig in a l  carbon used in  th e se  s tu d ie s  (from N ationa l Carbon Co.) 
had been purchased p r io r  to  I960 fo r  use in  em ission spectroscopy 
experim ents. Because th e se  experim ents were d isc o n tin u e d , t h i s  
carbcn remained in  a n o n -a ir  cond itioned  storeroom  in  c lo se  p ro x i­
m ity  to  many chem icals fo r  a t  l e a s t  te n  y e a rs . By an undetermined 
p ro ce ss , th e  exposure to  th e se  chem ical vapors produced a carbon 
s tro n g ly  a c t iv a te d  and y e t  s t i l l  sp e c tro sc o p ic a lly  p u re .
These q u a l i t ie s  a re  d i f f e r e n t  from com m ercially a c tiv a te d  char­
co a l which i s  u su a lly  made by burn ing  wood ch ip s w ith  subsequent 
steam a c t iv a t io n .  C onventional a c tiv a te d  ch a rco a l was determ ined to  
be extrem ely  d i r t y  w ith  re sp e c t to  tra c e  m eta ls  and of no use in  
th e se  experim en ts.
In  th e  purchase o f newly m anufactured em ission spectroscopy  or
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e le c t ro n  m icroscope grade carbon  by th e  same m a n u fa c tu re r , th e  p u r i ty  
•was n o te d  t o  be g r e a te r  th a n  th e  o ld , a c t iv e  v a r i e ty .  However, th e  
new carbcn  p o ssessed  v i r t u a l l y  no a c t i v i t y ,  and cou ld  n o t  be used in  
th e s e  s tu d ie s  as p u rch ased .
Due to  th e  f a c t  t h a t  t h i s  supp ly  o f  a c t iv a te d  y e t  pure carbon 
was l im i te d ,  every  e f f o r t  was made to  p re se rv e  i t  f o r  f u r th e r  e x -  
pe rim en t a t  i  on .
A nother r e s e a rc h  a ttem p ted  t o  so lve  t h i s  problem  by a c t iv a t in g
(50)
th e  new c a rb o n . Some su ccess  was e v e n tu a l ly  n o ted  b u t n o t  u n t i l  
t h i s  p r o je c t  had to  be d is c o n tin u e d  due to  a r e lo c a t io n  to  th e  new 
c h em is try  b u i ld in g ,  where th e re  was no a c c e ss  t o  am bient a i r  due t o  
s e a le d  windows. O ther b ran d s o f  carbon t e s t e d  by  p rev io u s  r e s e a r ­
c h e rs  in  t h i s  system  were n o t  a s  a c t iv e  o r  pure a s  th e  o ld e r  N a tio n a l 
ro d s . One b rand  (m anufactured  by U ltra c a rb o n  C o rp .) e x h ib i te d  ex­
trem e p u r i ty  (a s  dem onstra ted  by v e ry  low backgrounds) b u t u n fo r tu ­
n a te ly  was n o t  a c t iv e .  A f te r  a sy s te m a tic  s tu d y  o f  a c t iv a t io n  p ro ­
c e ss  t h i s  b rand  e v e n tu a l ly  proved to  be th e  m ost s u i te d  f o r  t h i s  
s tu d y . Both b ran d s (new U ltra c a rb o n  and o ld  N a tio n a l Carbcn) were 
used in  th e  com pletion  o f t h i s  w ork.
2 . Q uartz  -  Many b ran d s  of s p e c t ro s c o p ic a l ly  pure q u a rtz  
used f o r  c c n s t ru c t ic n  o f  th e  q u a r tz  "T" were t e s te d  f o r  p u r i ty .  The 
ty p e  R 204 made by  G en era l E l e c t r i c  was e v e n tu a l ly  de te rm ined  to  be 
b e s t  s u i te d  f o r  t h i s  system .
3 . P a r t ic u la te  f i l t e r s  -  S e v e ra l b ran d s o f  f i l t e r s  were 
employed in  th e s e  s tu d ie s .  To comply w ith  th e  EPA F i l t e r  recommended 
f o r  p a r t i c u l a te  sam pling (0 .45  p  pore  s iz e )  two d i f f e r e n t  f i l t e r s
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were u se d . For p a r t i c u l a te  a n a ly s i s ,  carbon d i s c s ,  c u t from 
47 mm d iam e te r POCO-GRAFTLTERS (Grade XA3, 0 .4 5  A* pore s iz e )  from 
POCO GRAPHITE, INC. were u se d . For "m o lecu la r” a n a ly s is  when p a r ­
t i c u l a t e  a n a ly s i s  was n o t  m easured, 0 .45  M pore s iz e  c e l lu lo s e  f i b e r  
f i l t e r s  from  M illip o re  C o rp o ra tio n  were o c c a s io n a l ly  employed. To 
e lim in a te  s ig n a ls  from  p a r t i c u l a t e s  l e s s  th a n  0 .4 5  A* in  s i z e ,  th e  
g r e a t  m a jo r i ty  o f th e  d a ta  a c q u ire d , was o b ta in ed  by u s in g  Membrane 
F i l t e r s  GMBH (0 .0 1  pore  s iz e )  from  th e  S a r to r io u s  C o rp o ra tio n .
C. L o ca tio n  o f  Sampling S i te
The lo c a t io n  o f  th e  sam pling s i t e  was m ost im p o rta n t and 
had a  d i r e c t  b e a r in g  on th e  r e s u l t s  o b ta in e d . For t h i s  re a so n , i t  
w i l l  be d e sc r ib e d  in  some d e t a i l .  The in s tru m e n t was lo c a te d  in  a  
■small r e s e a rc h  la b  on th e  n o r th e a s t  c o m e r  o f  C oates L ab o ra to ry  (now 
C oates H a ll)  a t  LSU. As i l l u s t r a t e d  in  f ig u re  7 , two open windows 
and a la rg e  e x h au s t fa n  ensu red  a  ra p id  tu rn o v e r  ( in  l e s s  th a n  two 
m in u te s) o f  la b o ra to ry  a i r .  T h e re fo re , any changes i n  a tom spheric  
m e ta l c o n c e n tra tio n  cou ld  be r a p id ly  re c o rd e d . The la b  was a ls o  
lo c a te d  l e s s  th a n  tw en ty  f e e t  from  an LSU s t a f f  p a rk in g  l o t  
( f ig u re  8 ) .  The p ro x im ity  t o  a la rg e  number o f  au tom obiles p layed  
a v e ry  im p o rta n t r o le  in  th e  a tm ospheric  le a d  c o n c e n tra tio n s  subse­
q u e n tly  re c o rd e d .
D. A n a ly tic a l  Methods Used t o  M easure M olecu lar Lead Concen­
t r a t i o n s  i n  th e  A ir
1 . A tm ospheric "m o lecu la r” le a d  tra p p in g  -  The a to m ize r 
system  used  in  th e s e  s tu d ie s  had been th e  s u b je c t  o f  e x te n s iv e  s tu d y  
and developm ent and was e s s e n t i a l l y  in  f i n a l  form  w ith  r e s p e c t  to
FIGURE 7
I l l u s t r a t i o n  o f  la b o ra to ry  used and th e  
lo c a tio n  o f  th e  AA system  in  th e  am bient 
a i r  a n a ly s is  experim en ts. The la rg e  ex­
h a u s t fan  could  com plete ly  re p la c e  th e  a i r  
in  th e  la b  in  l e s s  th an  two m in u te s .
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c o n s tru c tio n  e f f o r t s ,  b u t d u rin g  th e  course  o f t h i s  s tu d y  s e v e ra l  
p re v io u s ly  u n rep o rted  f a c to r s  a f f e c t in g  th e  use and o p e ra tio n  be­
came e v id e n t. T h e se -fa c to rs  w ere:
1 . A tom ization tem pera tu re  o f th e  carbon bed .
2 . C ondition  o f  th e  carbon bed .
3 .  Support dev ice  a t  th e  bottom  o f th e  carbon bed .
4 . D istan ce  from th e  carbon bed to  th e  l i g h t  p a th .
5. Sample flow r a te  th rough  th e  a to m ize r.
6 . D istan ce  from th e  l i g h t  p a th  q u a rtz  window to  th e  vacuum
p o r t .
7 . Tem perature o f th e  l i g h t  p a th .
These f a c to r s  w i l l  be d isc u sse d  in  d e t a i l  i n  c h a p te r  3*
The tech n iq u e  o f a i r  sam pling fo r  a n a ly s is  w ith  t h i s  system  
re q u ire d  v e ry  l i t t l e  e f f o r t  in  p r a c t ic e ,  however, m ain tainance  o f
th e  many components t o  keep th e  system  in  a f u l ly  o p e ra tio n a l  con­
d i t io n  proved to  be a c o n tin u in g  e f f o r t .
In  p r a c t ic e ,  th e  system ’s vacuum pump p u lle d  a re g u la te d  gas 
flew  (100 c c /ra in ) , th rough  a f i l t e r  and th e  bed of a c t iv a te d  carbcn  
a t  e s s e n t i a l l y  room tem p era tu re . A fte r  a p redeterm ined  tim e (5 m in ), 
th e  vacuum pump's gas flow  was d iv e r te d  from th e  c e l l  by a  bypass 
v a lv e , and th e  RF g e n e ra to r  was tu rn ed  cn . A f te r  a p re -h e a t  p e rio d  
o f 30-45 seconds ( to  b r in g  th e  carbon bed to  a to m iza tio n  tem pera tu re  
and decompose th e  sample absorbed on th e  carbon s u r f a c e ) ,  th e  c e l l  
vacuum pump gas flow was re d iv e r te d  to  th e  c e l l  and th e  atom ized 
sample was drawn th rough  th e  bed to  th e  l i g h t  p a th . Under norm al 
c o n d it io n s , th e  com plete rem oval o f  con tam ination  o r memory e f f e c t s
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from p rev ious samples (c leanup) was a t ta in e d  in  l e s s  th a n  f iv e  min­
u te s .
2 . P a r t ic u la te  tra p p in g  and m olecu la r le a d  a n a ly s is
The a n a ly s is  o f am bient p a r t i c u la te s  by many methods 
(51-53)
has been w e ll  documented. The r e s u l t s  o b ta in ed  by t h i s  m et­
hod were in  agreem ent w ith  average re p o r te d  v a lu e s  f o r  urban a re a  
p a r t i c u l a t e s .  As a r e s u l t ,  p a r t i c u la te  sam pling was n o t  perform ed 
a s  e x te n s iv e ly  as th e  m olecu la r le a d  sam pling (th e  v a lu e s  o f which 
were o c c a s io n a lly  much l a r g e r  th an  th e  p a r t i c u l a t e s ) .
Although n o t a m ajor p a r t  o f  t h i s  r e s e a rc h , many p a r t i c u la te  
a n a ly se s  were perform ed. For th e  a c tu a l  a n a ly s is  o f p a r t i c u l a t e s ,  
carbon d is c s  in  d iam ete r were d r i l l - p r e s s  punched from Poco G-ra- 
f i l t e r s ,  47 carbon d is c s  com m ercially  a v a i la b le  a s  s ta n d a rd  a i r  
sam pling f i l t e r s  (EPA s p e c i f ic a t io n  0 .45  p  pore s i z e ) .  These 
d is c s  were p laced  in  th e  bottom  o f a carbon bed which was c leaned  
under n itro g e n  to  a s te a d y  s t a t e  c leanup  c o n d it io n . These c leaned  
d is c s  were allow ed to  c o o l, and th en  t r a n s f e r r e d  to  a p re v io u s ly  
c leaned  sn ap -to p  p o lye thy lene  v i a l .  Background a b so rp tio n  by th e se  
d is c s  was q u ite  low, i . e . ,  t y p ic a l ly  l e s s  th an  5% a b so rp tio n  p e r 
d i s c .  T his method o f s to ra g e  proved to  be r e l i a b l e  and v e ry  s a t i s ­
f a c to ry  as "cleaned" d is c s  rem ained s u f f i c i e n t ly  uncontam inated f o r  
p e rio d s  o f  two t o  seven days.
D iscs used fo r  a i r  sam pling were h e ld  in  a T eflon  h o ld e r  im­
m ed ia te ly  above th e  carbon bed so t h a t  p a r t i c u la te  sp e c ie s  were s e ­
p a ra te d  and c o l le c te d  on th e  d i s c ,  and th e  co ld  carbon bed trap p ed  
on ly  th e  n c n - f i l t e r a b l e  o r  "m olecular" le a d . A fte r  a s u f f i c i e n t
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volume o f  a i r  had been sc ru b b ed , th e  m o lecu la r s ig n a l  was an a ly zed  
a s  p re v io u s ly  m en tioned . A f te r  th e  c leanup  was a ch iev e d , th e  p a r ­
t i c u l a t e  h o ld e r  was th e n  removed w ith  th e  carb cn  bed h o t .  T his was 
n e c e s s a ry  a s  m inute p ie c e s  o f  d u s t  o r o th e r  co n tam in a tio n  sometimes 
f e l l  i n to  th e  bed d u rin g  th e  h o ld e r  rem oval p ro c e s s . A s ig n a l  ob­
ta in e d  from  th e  h o t carbon bed d u r in g  t h i s  p ro c e ss  was ig n o re d .
The f i l t e r  c o n ta in in g  th e  tra p p e d  p a r t i c u l a t e s  was th en  removed 
from  th e  t e f l o n  h o ld e r  and dropped onto  th e  h o t bed , th e  le a d  was 
atom ized and th e  a b so rp tio n  m easured .
3 . Background d e te rm in a tio n  and c o r r e c t io n  -  B efore 
a n a ly se s  were perform ed th e  bed was c le a n e d . T h is was alw ays n e c e s ­
sa ry  a t  th e  b e g in n in g  o f th e  day o r anytim e th e  bed was changed o r 
c le a n e d . Under norm al c irc u m s ta n c e s , th e  norm al h e a tin g  and c o o lin g  
c y c le s  r e s u l te d  in  new ly exposed carbcn  s u r fa c e  w hich produced a 
sm a ll atom ic background even from  a "c lean "  b ed . A t y p i c a l  back­
ground can be seen  in  f ig u re  9. I t  c o n s is te d  o f a sm a ll peak which 
emerged im m ed ia te ly  a f t e r  gas flow  th ro u g h  th e  c e l l  was r e - e s ta b ­
l i s h e d  fo llo w in g  th e  s to p -f lo w  a to m iz a tio n  s t e p .  A f te r  t h i s  peak , 
th e  background s ig n a l  re tu rn e d  t o  some low s te a d y - s ta te  atom ic s ig ­
n a l  re tu rn e d  t o  some low s te a d y - s ta te  atom ic s ig n a l  (n o t z e r o ) .  The 
co n tinuous s ig n a l  undoubted ly  r e s u l te d  from  a c o n s ta n t exposure to  
new s u r fa c e s  on each  carbon p ie c e  w ith  tra p p e d  m e ta l l ic  sp e c ie s  be ing  
l i b e r a t e d .  T h is atom ic background peak and c o n t i n u o u s  s i g n a l s ,  were 
v e ry  re p ro d u c ib le  f o r  a g iven  b ed .
A bed was dete rm ined  t o  be u sa b le  i f  a t  l e a s t  two co n sec u tiv e  
background ru n s were low and i d e n t i c a l  ( ty p ic a l ly  5-lQ^ a b s o rp t io n ) .
FIGURE 9
Normal h e a tin g  and co o lin g  c y c le s  expose a new 
su rfa c e  on th e  carbon which r e s u l t s  in  a sm all 
atom ic background fo r  le a d  from th e  carbon bed
(carbon bed background) .
Nhen a n c n -p a r t ic u la te  sample i s  trap p e d  and sub­
se q u en tly  a tom ized , th e  "con tam ination” o f  th e  
carbon bed r e s u l t s  i n  an a b so rp tio n  t r a c e  f o r  the  
"m olecular" sp e c ie s  ("MOLECULAR" LEAD) which i s  
superim posed on th e  carbon bed background. The 
e f f ic ie n c y  o f th e  a to m iza tio n  p ro cess  i s  i l l u s ­
t r a t e d  in  th e  v i r t u a l  ncm -ex istance  o f  a  non­
s p e c i f ic  background when u sin g  a  D euterium  Lamp 
(DEUTERIUM BACKGROUND).
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Beds w hich were "ccn tan rm ated" o r n o t  s u f f i c i e n t l y  c lean ed  gave la rg e  
background s ig n a ls  w hich s t e a d i ly  d e c rea se d  upon r e p e t i t i o n  o f th e  
norm al background d e te rm in a tio n  p ro ce d u re .
An example o f  th e  le a d  a b s o rp tio n  s ig n a l  r e s u l t i n g  from an 
atom ized  am bient s ig n a l  was a ls o  shown in  f ig u re  9 . These s ig n a ls  
r e s u l te d  from am bient sam ples scrubbed  th ro u g h  th e  carbcn  bed c o ld . 
When a to m ized , th e  sam ples emerged from  th e  bed im m edia te ly  a f t e r  
th e  gas flew  was r e - e s ta b l i s h e d  th ro u g h  th e  c e l l .  T h is s ig n a l  was 
superim posed on th e  background s i g i a l  n o r m a l l y  o b ta in e d  from  a c le a n  
carbon b e d .
The e f f i c ie n c y  o f th e  a to m iz a tio n  p ro c e ss  was a l3 o  i l l u s t r a t e d  
i n  f ig u r e  9 as a m o lecu la r background run  w ith  a deu te riu m  lam p, 
c o n s i s t a n t ly  re v e a le d  no m o le cu la r  (n o n -s p e c if ic )  background. M olec­
u l a r  backgrounds were n e v e r  observed  t o  be more th a n  f iv e  p e rc e n t o f  
th e  t o t a l  s ig n a l .  T h is was an e s t im a t io n ,  how ever, a s  sim u ltaneous 
background c o r r e c t io n  on t h i s  s in g le  beam system  was n o t  p o s s ib le . 
M olecu lar backgrounds on sub seq u en t sam ples were t y p i c a l l y  run a f t e r  
th e  atom ic s ig n a l  was m easured . T his can le a d  t o  p o s s ib le  e r r o r s ,  
because  i t  assumed t h a t  th e  m o lecu la r background was c o n s ta n t from  
one sample to  th e  n e x t .
Due t o  th e  e f f i c ie n c y  o f  th e  a to m iz a tio n  s te p  by  t h i3  m ethod, 
how ever, th e  background was low and d id  n o t  prove t o  be a s e r io u s  
source o f  e r r o r .  I t  shou ld  be n o te d  t h a t  th e  te c h n iq u e s , equipm ent, 
and m a te r ia ls  j u s t  d e sc r ib e d  were employed a t  th e  sam pling s i t e  over 
a p e rio d  o f  two and one h a l f  y e a r s .  D uring  t h i s  p e r io d ,  c o n s id e ra b le  
d a ta  were o b ta in ed  by  th e s e  p ro c e d u re s . The r e s u l t s  o b ta in ed  by  th e s e  
m ethods a re  re p o r te d  i n  th e  n e x t s e c t io n .
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I I .  RESULTS
The d a ta  tak e n  i n  th e se  s tu d ie s  were d i f f e r e n t  from comparable
(54)
d a ta  tak e n  by c o n v en tio n a l lo n g -te rm , tim e-av erag ed  te c h n iq u e s .
An average o f am bient c o n c e n tra tio n s  c o l le c te d  over a lcn g  p e rio d  of
tim e does n o t  r e a l i s t i c a l l y  in d ic a te  b r i e f  p e rio d s  o f  h ig h  o r low
c o n c e n tra tio n s  d u rin g  t h a t  p e r io d .
T o x ic ity  i s  n o rm ally  a fu n c tio n  o f c o n c e n tra tio n  o f to x in .  Some
p o l lu ta n ts  a re  n o t  to x ic  in  sm a ll c o n c e n tra tio n  b u t a re  v e ry  to x ic  in
la rg e  d o se s . A s in g le  la rg e  dose o f a  to x in  can ’be much more harm ful
(55)
than  an e q u iv a le n t amount re c e iv e d  in  sm all d o se s .
I f  c e r ta in  c o n c e n tra tio n s  o f  m e ta l l ic  p o l lu ta n ts  were v e ry  h igh  
d u rin g  c e r ta in  tim es o f  th e  d ay , and v e ry  low o r even a b sen t du ring  
o th e r  p e r io d s , a  t r u e  assessm ent o f p o te n t ia l  to x ic  e f f e c t s  based an 
th e  c o n v en tio n a l tim e-averaged  methods could  n o t  be made a c c u ra te ly .  
The e f f e c t  o f ta k in g  average am bient p o l lu ta n t  c o n c e n tra tio n s  over a 
long p e rio d  can be seen in  f ig u re  10. One d a y 's  c o n c e n tra tio n  (in  
June , 1976) i s  shown to  i l l u s t r a t e  th e  r a p id ly  changing c o n cen tra ­
t io n s  d u rin g  th e  day . A lso shown were th e  h igh  and lew h o u rly  v a lu e s  
f o r  17 days m easured in  Ju n e , 1976. These v e ry  h ig h  and low v a lu e s ,  
which a re  im p o rtan t f o r  d e te rm in ing  to x ic  ex p o su re , a re  l o s t  in  th e  
average h o u rly  v a lu e s  a ls o  g iv e n . The e f f e c t  o f  ta k in g  c n ly  one 
sam ple, d u rin g  on ly  th e  daytim e hours in  a month, was a ls o  shown in  
f ig u re  10 a s  th e  o v e ra l l  average o f  th e  h o u rly  average v a lu e s .
D uring th e  two and cne h a l f  y e a r sam pling p e r io d , m o lecu la r le a d  
c o n c e n tra tio n s  were sampled when p o s s ib le .  During t h i s  p e r io d , a 
complete d a ta  s e t  o f  m o lecu lar le a d  c o n c e n tra tio n s , m easured under
FIGURE 10
The to p  graph i l l u s t r a t e s  th e  r a p id ly  changing 
m olecu la r le a d  c o n c e n tra tio n  d u rin g  a  s in g le  day 
in  June . The m iddle graph i l l u s t r a t e s  th e  e f f e c t  
o f averag ing  th e  v a lu e s  each h o u r, f o r  17 days in  
Ju n e , 1976. Very h ig h  c o n c e n tra tio n s  as w e ll  as 
v e ry  lav; c o n c e n tra tio n s  ( im p o rtan t in  de te rm in ing  
tcacic e f f e c t s )  a re  l o s t  i n  th e  average  v a lu e s .
The bottom  graph i l l u s t r a t e s  th e  e f f e c t  o f  averag ing  
th e  h o u rly  averages (as i f  one sample were c o lle c te d  
d u rin g  daytim e hours f o r  a m onth).
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e x is t in g  -weather c o n d it io n s , cou ld  n o t  be o b ta in e d . T h is would have 
re q u ire d  t h a t  m o lecu la r le a d  be m easured from  dawn to  d a rk  ev e ry  day 
d u rin g  th e  sam pling p e r io d . I t  would have a l s o  re q u ire d  t h a t  a l l  
p o s s ib le  w ea th e r c o n d itio n s  w hich cou ld  a f f e c t  th e  am bient le a d  con­
c e n tr a t io n s  be reco rd ed  f o r  each a i r  sample m easured . A com puter 
r e g re s s io n  r e g re s s io n  a n a ly s is  f o r  t h i s  d a ta  s e t  would p ro v id e  d i r e c t  
q u a n t i t a t iv e  c o r r e l a t io n s  betw een am bient le a d  c o n c e n tra tio n  and 
w ea th e r c o n d it io n s .
U n fo r tu n a te ly , a  com plete s tu d y  such a s  t h i s  was n o t  p o s s ib le
f o r  s e v e ra l  re a so n s . The a tm ospheric  c o n d itio n s  observed t o  a f f e c t
th e  c o n c e n tra tio n  o f le a d  were t o t a l l y  o u t o f  th e  c o n tr o l  o f th e
e x p e rim e n te r . The e f f e c t  o f  a s in g le  c o n d it io n  cou ld  n o t  be i s o l a t e d
and th o ro u g h ly  in v e s t ig a te d  as i n  norm al c o n tro l le d  e x p e r im e n ta tio n . 
The c o n c e n tra tio n s  m easured were th e  r e s u l t  o f  a l l  w eather f a c to r s  
w orking in  c o n c e r t  to g e th e r .  The atom ic a b so rp tio n  system  was ex­
p e r im e n ta tio n . The c o n c e n tra tio n s  m easured were th e  r e s u l t  o f  a l l  
w eather f a c to r s  w orking i n  c o n c e r t  to g e th e r .  The atom ic a b so rp tio n  
system  was e x p e rim e n ta l i n  n a tu re  and s u b je c t  t o  o c c a s io n a l m alfunc­
t i o n s .  S e v e ra l  o th e r  r e s e a rc h e r s  a ls o  used t h i s  system  f o r  o th e r  
re s e a rc h  p r o j e c t s .  A c o n c u rre n t p r o je c t  (d e sc r ib e d  in  c h a p te r  2) th e  
d e te rm in a tio n  o f  th e  v ap o r p re s su re  o f  m e ta l s a l t s ,  a ls o  competed 
w ith  t h i s  p r o je c t  f o r  in s tru m e n t t im e . Coursework and te a c h in g  
a s s i s t a n t  s h ip  d u t ie s  a ls o  l im i te d  th e  tim e a v a i la b le  to  th e  a u th o r  
f o r  m o lecu la r le a d  a i r  sam p ling . D esp ite  th e s e  c o n s id e ra b le  h a n d i­
caps w hich p rev en ted  a com prehensive d a ta  s e t  from  b e in g  o b ta in e d , 
many sam ples were o b ta in ed  whenever p o s s ib le .
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Of th e  over 3000 sam ples re c o rd e d , d a i l y  r e s u l t s  t y p i c a l l y  i n ­
cluded  o n ly  5-10 sam ples. As a r e s u l t ,  th e  m easurem ent o f  th e  con­
c e n t r a t io n  o f  am bient le a d  from  dawn to  d a rk  was o n ly  r a r e l y  o b ta in e d .
The o b se rv a tio n s  o f  th e  e f f e c t  o f w eather c o n d it io n s  on am bient 
le a d  c o n c e n tra tio n s  d e sc r ib e d  i n  t h i s  c h a p te r ,  a re  c n ly  p re l im in a ry , 
and th e  c o r r e l a t io n s  a re  on ly  t e n t a t i v e .  Q u a n t i ta t iv e  e f f e c t s  co u ld  
n o t  be de te rm ined  u n le s s  a com plete d a ta  s e t  was o b ta in e d . I t  i s  n o t  
p o s s ib le  t o  s t a t e ,  f o r  exam ple, t h a t  30 d eg ree  r i s e  in  tem p era tu re  
would doub le  th e  le a d  c o n c e n tr a t io n . Q u a n t i ta t iv e  d e te rm in a tio n s  
such a s  t h i s  were n o t  p o s s ib le .  However, th e  o b se rv a tio n s  made were 
b e s t - e s t im a te s  o f th e  p o s i t iv e  o r  ‘n e g a tiv e  e f f e c t s  on am bient le a d  
l e v e l s ,  o f  in d iv id u a l  w eather c o n d i t io n s .
The c o n d it io n s  t h a t  were observed  to  have an in f lu e n c e  on am bient 
c o n d it io n s  w ere : te m p e ra tu re , h u m id ity , wind d i r e c t i o n ,  wind sp eed ,
b a ro m e tric  p r e s s u r e ,  d a y l ig h t  (a s  opposed to  n ig h t t im e ) ,  and p r e c ip i ­
t a t i o n .  In  o rd e r  t o  r e p re s e n t  s e v e ra l  th o u san d  d a ta  p o in ts ,  tak en  
over a  p e r io d  o f  30  m onths, th e  p re lim in a ry  c o r r e la t io n s  made o f 
in d iv id u a l  w eather f a c to r s  t o  am bient le a d  l e v e l s  w i l l  be g iv en  w ith  
i l l u s t r a t i v e  examples whenever p o s s ib le .  The c o n c e n tra tio n  o f  am bient 
le a d  was a c tu a l ly  a fu n c tio n  o f  a l l  w ea ther f a c to r s  w orking to g e th e r  
and th e s e  r e l a t i o n s h ip s  g iven  shou ld  be c o n s id e re d  in  t h i s  l i g h t .  
However, some exam ples w hich i l l u s t r a t e  th e  r e l a t io n s h ip s  can be g iv e n .
U n fo r tu n a te ly , a tom ic a b s o rp tio n  sp e c tro sc o p y  i s  n o t  a m u lt i ­
elem ent tec h n iq u e  and c n ly  one e lem ent a t  a tim e co u ld  be d e te rm in ed . 
The im portance  o f d e te rm in in g  a tm ospheric  le a d  c o n c e n tra tio n s  has been 
d e s c r ib e d . The c o r r e la t io n s  g iv en  a re  w ith  r e s p e c t  t o  le a d  b u t  may
a ls o  be a p p lic a b le  t o  o th e r  "m o lecu la r” m e ta l s p e c ie s  in  th e  a i r ,
A. C o n c en tra tio n s  o f  M olecu lar Lead in  A ir Under V arious
C o n d itio n s
1 . V a r ia t io n s  o f  le a d  c o n c e n tra tio n s  d u rin g  norm al 
daytim e c o n d it io n s  -  The f i r s t  and p ro b ab ly  m ost im­
p o r ta n t  o b se rv a tio n  -which can be drawn from  th e  d a ta  accum ulated was 
t h a t  m o lecu la r m e ta l  c o n c e n tra t io n s ,  such  a s  le a d ,  were v e ry  i n f r e ­
q u e n tly  c o n s ta n t f o r  w eeks, d a y s , o r even from ho u r t o  h o u r, b u t were 
c o n s ta n t ly  chang ing . T his was e v id e n t from  o b se rv a tio n  o f  e i t h e r  
h o u rly  o r  d a i ly  r e s u l t s .  T y p ic a l r e s u l t s  o f  a  s in g le  d a y 's  run were 
i l l u s t r a t e d  i n  f ig u re  10. As can be s e e n , c o n c e n tra tio n s  v a iy  g r e a t ly  
d u rin g  th e  day . A lthough p a r t i c u l a t e  c o n c e n tra tio n s  found , rem ained 
f a i r l y  c o n s ta n t  th ro u g h o u t th e  day , and ag reed  w ith  re p o r te d  v a lu e s ,  
th e  m o lecu la r c o n c e n tra tio n s  o f  le a d  de te rm in ed  co u ld  v a ry  th r e e  
o rd e rs  o f  m agnitude (from  l e s s  th an  0 .1  p g /M? t o  g r e a te r  th a n  10 p g /v f i) .  
The abnorm ally  h ig h  v a lu e s  sometimes o b ta in e d , provoked c o n s id e ra b le  
i n t e r e s t  by o th e r  r e s e a rc h e r s  engaged i n  s im i la r  d a ta  a c q u is i t io n .
These h ig h  v a lu e s  w ere n o t  b a lan ced  ou t by  v e ry  low v a lu e s  o b ta in ed
a t  n ig h t  o r  o th e r  t im e s . The n e t  r e s u l t  was a h ig h e r  o v e r a l l  le a d  
average th a n  r e s u l t s  o b ta in ed  by  o th e r  m ethods.
These s tu d ie s  and th e  d a ta  i n  c h a p te r  2 w i l l  a tte m p t t o  accoun t 
f o r  th e s e  abnorm ally  h igh  c o n c e n tra t io n s .
2 . E f f e c t  o f au tom obile  d e n s i ty  on reco rd ed  am bient le a d  
c o n c e n tra tio n s  -  I f  c n ly  d a i ly  m o lecu la r c o n c e n tra tio n
p lo ts  w ere o b se rv ed , i t  may f i r s t  appear t h a t  th e r e  was no p a t te r n  to  
th e  c o n s ta n t ly  changing le a d  v a lu e s .  However, d a ta  s e t s  accum ulated
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over a  long  p e rio d  o f  tim e r e v e a l  s e v e r a l  i n t e r e s t i n g  p a t t e r n s .  One 
r e la t io n s h ip  has been  observed t o  be due to  th e  lo c a t io n  o f th e  sam­
p l in g  s i t e  and i t s  p ro x im ity  t o  a  p a rk in g  l o t  ( f ig u re  8 ) .
The m o lecu la r le a d  c o n c e n tra tio n s  was observed  by p rev io u s  r e ­
s e a rc h e rs  t o  be r e l a te d  t o  th e  a r r i v a l  and d e p a r tu re  o f  c a rs  in  th e
pa rk in g  l o t ,  a s  w e l l  a s  t r a f f i c  burden in  th e  im m ediate v i c i n i t y  o f
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th e  l a b o r a to r y .  T h is  c o n c e n tra tio n  r e l a t io n s h ip  was observed  to
be r e l a te d  t o  e x is t in g  w ea th e r c o n d it io n s .
In  d e s c r ib in g  t h i s  r e l a t i o n s h ip ,  g e n e r a l iz a t io n s  could  be made 
t h a t  c o n c e n tra t io n s  in c re a s e  from  low v a lu e s  e a r ly  in  th e  m orning 
w ith  th e  a r r i v a l  o f c a r s  i n  th e  p a rk in g  l o t ,  and rem ained h ig h  d u rin g  
the., m iddle o f  th e  day w ith  a h ig h  t r a f f i c  burden in  th e  v i c i n i t y .
T h is was fo llow ed  by  a g e n e ra l  d e c re a se  in  th e  a f te rn o o n  a s  t r a f f i c  
volume i n  th e  v i c i n i t y  d e c re a se d . A la r g e  peak  around 4 :30 p.m . was 
o c c a s io n a l ly  n o te d  w ith  d e p a r t in g  t r a f f i c  from  th e  s t a f f  p a rk in g  l o t  
n e a r  th e  sam pling s i t e .  However, a l l  c o n c e n tra tio n s  m easured d u rin g  
th e  day were found t o  be dependent upon e x is t in g  w eath e r c o n d it io n s .
A lthough f ig u re  10 g r a p h ic a l ly  showed th e  e f f e c t  o f  tim e o f  day 
on th e  c o n c e n tra t io n  o f  n o n - f i l t e r a b l e  l e a d ,  th e  e f f e c t  o f  tim e o f 
day upon th e  a c tu a l  a b so rp tio n  t r a c e s  o b ta in ed  w ith  changing co n d i­
t io n s  can be seen  in  f ig u re  11 , The in c re a s e d  s ig n a l  o b ta in ed  from  
th e  d e p a r t in g  t r a f f i c  was a ls o  e v id e n t on t h i s  d ay . The a b i l i t y  o f  
t h i s  system , w ith  th e  s t a te d  p ro c e d u re , t o  p ro v id e  r a p id  sam pling 
and a n a ly s is  can a ls o  be se e n , a s  a n a ly se s  were made ap p ro x im ate ly  
every  te n  t o  f i f t e e n  m in u te s .
As can be se en , th e  c o n c e n tra tio n  o f  t h i s  p o l lu ta n t  was r a r e l y
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c o n s ta n t .  I t  would be s u r p r i s in g  in  f a c t  to  f in d  such a  constancy  
o f c o n c e n tra tio n  i n  th e  m id s t o f a c o n s ta n t ly  changing  medium (th e  
a tm osphere) .
3 . Combined e f f e c t  o f  tem p era tu re  and hu m id ity  on am bient 
le a d  c o n c e n tra tio n s  -  The tem p era tu re  and hum id ity  
f a c to r s  m ust be co n sid e red  to g e th e r ,  a s  th e  g r e a t e s t  changes i n  le a d  
c o n c e n tra tio n s  were th e  r e s u l t  o f  changes in  th e  tem p era tu re  and 
h u m id ity . The e f f e c t s  o f  fo u r  com binations o f  tem p era tu re  and humi­
d i t y  can be i l l u s t r a t e d  w ith  exam ples:
1) h ig h e r  te m p e ra tu re s  + h ig h  hum id ity
2) low er te m p e ra tu re s  + h ig h  hum id ity
3) h ig h e r  te m p e ra tu re s  + low hu m id ity
4) low er te m p e ra tu re s  + low hum id ity
The e f f e c t  o f  th e s e  c o n d it io n s  on le a d  c o n c e n tra tio n  was observed  
d u rin g  th e  sam pling p e rio d  w ith  ran g es in  tem p era tu re  o f  40°F-9S°F, 
and 35/^-100^ h u m id ity . The co m b in a tio n a l e f f e c t s  o f  h igh  and low 
hu m id ity  and tem p era tu re  a re  i l l u s t r a t e d  in  f ig u r e  12. The v a r ia t io n  
in  m o lecu la r le a d  w ith  tim e o f  day was shown to  be s ig n i f i c a n t l y  i n ­
flu en c ed  by th e  e x is t in g  tem p era tu re  and h u m id ity .
T em perature was observed  to  have a  p o s i t iv e  e f f e c t  cn le a d  l e v e l s .  
High le a d  c o n c e n tra tio n s  were n o t  observed cn c o ld  o r co o l d a y s , a s  
shown f o r  a  day in  Ja n u a ry , 1976. H um idity was a ls o  observed  to  have 
a p o s i t iv e  e f f e c t  an th e  am bient le a d  l e v e l s .  High hum id ity  cn c o o l 
days cou ld  re  s t i l t  i n  h ig h e r  average  c o n c e n tra tio n s  th a n  s im i la r ly  
c o o l days w ith  low h u m id ity . T his e f f e c t  can be seen  i n  f ig u r e  12 
fo r  a day i n  A p r i l ,  1976. Lew hum id ity  on a warm day was f r e q u e n t ly
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observed to  approxim ately  th e  same e f f e c t  a3 high  hum idity  cn coo l 
days. This e f f e c t  can be seen in  th e  co n ce n tra tio n s  f o r  a day in  
November, 1975- The d u a l p o s i t iv e  p o s it iv e  e f f e c ts  o f high tem pera­
tu re  and hum idity  can be seen in  f ig u re  12 fo r  a day in  June, 1976.
Although bo th  w eather f a c to r s  were observed to  have an e f f e c t  
an th e  lead  l e v e ls ,  h ig h e r tem pera tu res o r h ig h  hum idity  alcne d id  
n o t  appear t o  r e s u l t  in  h igh  lea d  le v e ls -b o th  were n e ce ssa ry . The 
apparen t com binational e f f e c t  o f tem perature  and hum idity  can be 
seen in  a comparison o f d a i ly  v a lu es  ob tained  by seasons of th e  y e a r . 
Although c o n ce n tra tio n s  changed w ith  th e  tim e of day, th e  summer 
average v a lu es  were h ig h e r than  average v a lu e s  ob ta ined  fo r  sp ring  
and f a l l .  The summer v a lu es  appeared to  be enhanced by high hum idity  
co n d itio n s  as opposed to  leaver h u m id itie s  ty p ic a l ly  encountered in  
th e  sp ring  and f a l l .  T his e f f e c t  can be seen in  f ig u re  13 in  a com­
p ariso n  of 15 days in  June versu s 8 days in  November. The high and 
low hourly  v a lu e s  fo r  th e se  days a re  given along w ith  th e  average 
o f th e  hourly  v a lu e s . The ho u rly  averages in  June were h igher th an  
th e  hourly  average va lues o f November.
The com binational e f f e c t  t h a t  was observed in  th e  d a ta  ob tained  
may be unique to  th e  lo c a tio n  o f th e  sam pling s i t e  ( in  southern  
L ouisiana ) .  The e f f e c t  can be exp la ined  in  term s o f  th e  p re v a ilin g  
w eather p a t te rn s  o f th e  sampling s i t e .  During th e  summer months, 
th e  p re v a ilin g  winds a re  so u th e r ly . This a i r  movement o r ig in a te s  in  
th e  G ulf of Mexico and i s  r e l a t i v e ly  coo l a t  h igh  a l t i tu d e s  and v e ry  
m o is tu re -la d e n . From e a r ly  m orning, sunshine and h e a t evaporate dew 
and o th er m o istu re  from th e  ground in to  th e  a i r  o ften  re s u l t in g  in  an 
e a r ly  morning fog which d is s ip a te s  qu ick ly  as h e a tin g  co n tin u es . By
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m id -a fte rn o o n  th e  h e a ted  a i r  b e g in s  to  r i s e  by co n v ec tio n  to  m eet th e  
c o o le r  m o is tu re - la d e n  a i r  from  th e  G u lf . T his f r e q u e n t ly  r e s u l te d  
in  l a t e  a f te rn o o n  thundershow ers w hich end by e a r ly  ev en in g . The 
n e t  r e s u l t , on th e  a v e ra g e , was a  v e ry  h ig h  h u m id ity  c o n d it io n  d u rin g  
th e  summer m onths. T h is , coupled w ith  th e  h ig h  te m p e ra tu re s  r e s u l t ­
in g  from  th e  s o u th e r ly  w in d s , appeared  to  have produced h ig h  am bient 
le a d  c o n c e n tra tio n s  d u rin g  th e  summer m onths. T his p r e v a i l in g  humi­
d i t y  c o n d it io n  i s  unique t o  so u th e rn  L o u is ia n a  as ev idenced  by th e  
e x i s t e n c e  o f  one o f  th e  w o r ld 's  l a r g e s t  in la n d  swamps l e s s  th a n  10 
m ile s  from  th e  sam pling  s i t e .  T h is h igh  h u m id ity  f a c to r  a p p a re n tly  
c o n tr ib u te d  t o  th e  o c c a s io n a l  h ig h  le a d  l e v e l s  o b ta in e d  d u rin g  th e  
summer m onths.
4 . E f f e c t  o f  wind d i r e c t io n  and speed cn m o le cu la r le a d  
c o n c e n tra t io n s  -  Wind d i r e c t io n  a s  w e l l  a s  wind speed 
was a p p a re n tly  an i n f l u e n t i a l  f a c to r  f o r  le a d  c o n c e n tra tio n  i n  th e  
a i r .  The lo c a t io n  o f  th e  sam pling s i t e ,  i n  r e l a t i o n  to  t r a f f i c  flow  
in  th e  im m ediate " v ic in i ty  o f  LSU and in  th e  c i t y  o f  Baton Rouge, must 
be c o n sid e re d  in  th e  d is c u s s io n  o f  th e  d a ta  c o r r e la t io n s  fo r  wind 
speed and d i r e c t i o n .  D uring  p e rio d s  o f  low wind sp eed , am bient con­
c e n t r a t io n s  were found to  be m ost in f lu e n c e d  by th e  p a rk in g  l o t  
t r a f f i c  o r  t r a f f i c  i n  th e  im m ediate a r e a .  D uring b r i s k  w in d s, con­
c e n t r a t io n s  r e f l e c t e d  t r a f f i c  burden o f  th e  c i t y  w ith  r e s p e c t  to  th e  
s i t e .
b in d  d i r e c t i o n  was de te rm ined  by o b se rv in g  a f l a g  on a  f la g p o le  
cn th e  Parade Ground a t  LSU which was e a s i l y  o b se rv ab le  from  a  window 
in  th e  sam pling s i t e  la b o r a to r y .  The d iv is io n  o f  wind speed a s  l e s s
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th an  5 m ile s  p e r  hour was a r b i t r a r y ,  b u t may be tak en  as a calm  con­
d i t i o n  to  a j u s t  n o t ic e a b le  b re e z e , T h is c o n d it io n  ( l e s s  th a n  5 MPH) 
r e s u l te d  i n  measurement o f  th e  le a d  c o n c e n tra tio n  in  th e  im m ediate 
v i c i n i t y .
The r e s u l t s  o b ta in ed  c l e a r l y  r e f l e c t e d  th e  sou rce  o f  am bient 
le a d  b e in g  re c o rd e d . Under e s s e n t i a l l y  no wind c o n d it io n s ,  th e  
p a rk in g  l o t  c o n c e n tra tio n  p a t t e r n  p re v a i le d  from  calm  to  a s l i g h t  
b reeze  produced law c o n c e n tra tio n s  t h a t  cou ld  a ls o  change r a p id ly .
The sm a ll t r a f f i c  burden in  th e  im m ediate a re a  o f  LSU, so u th  and w est 
o f  th e  s i t e ,  i s  e a s i l y  d is c e rn e d . The d a ta  r e p r e s e n t  c o n c e n tra tio n s  
f o r  two co n sec u tiv e  days i n  'J u ly .  When th e  wind blew  from  th e  N orth , 
c o n c e n tra tio n s  were n o t ic e a b ly  h ig h e r  th a n  on th e  n e x t day when th e  
wind came from  th e  so u th .
B risk  b re e z e s  ( f l a g  ex tended) removed th e  p a rk in g  l o t  in f lu e n c e
from c o n s id e ra tio n  a s  n o r th e r ly  and e a s t e r ly  le a d  v a lu e s  were some­
what more c o n s ta n t  and undoub ted ly  due to  h ig h  t r a f f i c  c o n c e n tra tio n s
averaged ou t from th e  h ig h  d e n s i ty  t r a f f i c  p a t te r n s  i n  t h i s  c i t y  
( f ig u re  1 5 ) . A d d it io n a l  le a d  c o n c e n tra tio n  from th e  n o r th  may have 
been due t o  a heavy c c n c e n tra t io n  o f in d u s t r y  in  n o r th  Baton Rouge. 
B risk  w inds from  th e  so u th  o r  w est re v e a le d  th e  low t r a f f i c  volumes 
and p o p u la tio n  d e n s i t i e s  i n  th e s e  a re a s  o f  Baton Rouge w ith  re s p e c t  
t o  th e  s i t e  w ith  c o n c e n tra tio n s  c o n s is te n t ly  unm easurab le .
5 . The i n d i r e c t  e f f e c t  o f  b a ro m e tric  p re s su re  cn m o lecu la r 
le a d  l e v e ls  -  The e f f e c t  o f  b a ro m e tric  p re s su re  on am­
b ie n t  le a d  c o n c e n tra tio n s  was v e ry  g e n e ra l  b u t was m an ife s te d  i n  two 
r e s p e c ts .  C e r ta in  w eath e r c o n d it io n s  r e s u l t  from  b a ro m e tric  h ig h s  o r
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E ffe c t  o f wind d ir e c t io n  cn m olecular lead  co n cen tra tio n s. 
High values ware observed when the wind blew from the rJorth. The 
ne::t day whan the winds blew from the south , the concen trations were 
much leaver.
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T his f ig u re  shows th e  e f f e c t  o f  wind speed on th e  lead  concen­
t r a t i o n s  m easured. At low wind c o n d it io n s , 0-5  MPH from th e  n o r th , 
the  a i r  mass sample on Juno 30 , 1976 r e f le c te d  th e  c o n c e n tra tio n  in  
th e  im m ediate v i c i n i t y . H igher winds from th e  n o r th  th e  ne^ct day p ro ­
duced m easurably  h ig h e r c o n c e n tra tio n s  o f le a d . T h is a i r  mass r e f l e c ­
te d  th e  c o n c e n tra tio n  o r ig in a t in g  in  th e  n o r th e rn  p a r t  o f th e  c i t y  
'(w ith a h igh  t r a f f i c  burden and c o n c e n tra tio n  o f  in d u s t r y ) . I t  should 
be n o ted  t h a t  o th e r  w eather f a c to r s  ( tem p era tu re , hum id ity , ba ro m etric  
p re s su re , e t c . )  were th e  same on th e se  d ay s .
low s. These subsequen t c o n d it io n s  de te rm ine  th e  c o n c e n tra tio n  o f 
am bient p o l lu t a n t .  For exam ple, d u rin g  th e  summer m onths, c le a r  
s id e s  and h o t ,  humid days a re  t y p ic a l l y  th e  r e s u l t  o f  b a ro m e tric  
h ig h s . C loudy, c o o l days w ith  o c c a s io n a l  r a i n ,  a re  t y p ic a l  co n d i­
t io n s  r e s u l t i n g  from  b a ro m e tric  low s. T h e re fo re , b a ro m e tric  p re s ­
su re  th ro u g h  i t s  a s s o c ia te d  w eath er c o n d itio n s  may g ive  an in d ic a ­
t io n  o f  p o s s ib le  am bient c o n c e n tra tio n s  o b ta in ed  d u rin g  th e  day .
B arom etric  "high" and "low" a i r  m asses moving th ro u g h  th e  
sam pling a re a  a ls o  appeared  t o  d r a s t i c a l l y  change c o n c e n tra tio n s  from  
one day to  th e  n e x t  as  th e  a s s o c ia te d  w eather c o n d it io n s  changed. 
R a p id ly  changing le a d  c o n c e n tra tio n s  were in v a r ia b ly  n o ted  whenever 
a " f ro n t"  p assed  th rough  th e  Baton Rouge a r e a .  In  th e  f a l l ,  f o r  
exam ple, when a "low" passed  th ro u g h , warm 3unny days cou ld  q u ic k ly  
change to  co ld  damp days w ith  a r e s u l t a n t  sharp  d e c re a se  in  average  
m o lecu la r le a d  c o n c e n tra tio n  ( f ig u re  1 6 ).
Even though  b a ro m e tric  p re s su re  had a n o n - s p e c i f ic  e f f e c t  on 
am bient c o n c e n tra t io n , th e  o v e r a l l  e f f e c t  was p ro found . The a b i l i t y  
o f t h i s  te c h n iq u e  t o  m easure even g e n e ra l  changes in  c o n c e n tra tio n  
was e v id e n t compared to  s ta n d a rd  sam pling te c h n iq u e s , w hich r e p o r t  
averaged  v a lu e s  f o r  two o r th re e  day sam pling p e r io d s .  The s ta n d a rd  
average v a lu e s  would g ive  no in d ic a t io n  t h a t ,  perhaps d u iin g  th e  
sam pling p e r io d ,  c o n c e n tra tio n  o f th e  p o l lu ta n t  was v e ry  h ig h  a t  th e  
b e g in n in g  due t o  w eather c o n d it io n s  and v e ry  low f o r  th e  r e s t  o f  th e  
p e r io d . A t r u e  assessm en t o f p o t e n t i a l  to x ic  e f f e c t s  o f  p o l lu ta n ts  
canno t be made based  on such averaged  d a ta .
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FIGURE 16
E f f e c t  o f a ‘b a rc m e tric  " f r e n t11 moving th ro u g h  th e  sam pling a r e a .
A 'comparison o f two da7 s d a ta  showing an o v e r a l l  h ig h e r  av erag e  le a d  
c o n c e n tra tio n  on a h o t humid day , th an  cn th e  n e x t day , when a b a ro ­
m e tr ic  "low" passed  th ro u g h , a b ru p t ly  lo w erin g  th e  tem p era tu re  and th e  
am bient le a d  c o n c e n tra t io n .
6. E f f e c t  o f  d a y lig h t  on th e  c o n c e n tra tio n  o f  m o lecu lar 
le a d  -  In  a d d it io n  to  th e  obvious h e a tin g  e f f e c t  o f
s u n l ig h t ,  th e re  was a n o t ic a b le  e f f e c t  from th e  s u n lig h t  a lc n e . Al­
though an ex ac t d e te rm in a tio n  o f  t h i s  s in g le  f a c to r  was n o t p o ss ib le  
i t  was n o ted  th a t  le a d  c o n c e n tra tio n s  were h ig h e r an sunny, co o l days 
th an  on c loudy , co o l days (which e lim in a te s  th e  obvious h e a tin g  
e f f e c t ) . M olecular le a d  c o n c e n tra tio n s  were in v a r ia b ly  low to  non­
e x is te n t  b e fo re  s u n r is e  and v i r t u a l l y  n o n -e x is ta n t  a t  n ig h t  re g a rd ­
le s s  o f o th e r  w eather f a c to r s  ( f ig u re  1 7 ). The reaso n  fo r  t h i s  
phenomenon was n o t im m ediately  obvious b u t from ex p erim en ta l d a ta  
ob ta ined  in  th e  n e x t c h a p te r , w ith  th e  vapor p re s su re  o f le a d  s a l t s  
s tu d ie d , th e  answer became c le a r  -  photodecom position o f th e  lead  
h a l id e s .  As w i l l  be seen , l i g h t  (and su n lig h t  in  p a r t i c u la r )  can 
s ig n i f i c a n t ly  r a i s e  th e  vapor p ressu re  o f  le a d  s a l t s  which could  
h e lp  t o  accoun t fo r  th e  v e ry  h igh  m olecu lar s ig n a ls  o b ta in ed  du ring  
th e  daytim e and n o t a t  n ig h t ,
7 . E f f e c t  o f p r e c ip i t a t io n  on th e  c o n c e n tra tio n  o f 
m o lecu la r le a d  -  Rain had two im p o rtan t e f f e c t s  on
m olecu lar c o n c e n tra tio n s . A b r i e f  thundershow er cou ld  s ig n i f ic a n t ly  
r a i s e  th e  hum idity  l e v e l  in  a sh o r t  p e rio d  o f  t im e . In  th e  summer 
t h i s  r e s u l te d  in  v e ry  la rg e  in c re a s e s  in  m o lecu la r le a d  le v e ls  p o s s i­
b ly  due t o  a com binational e f f e c t  w ith  te m p e ra tu re . In  w in te r  or 
du ring  c o o l w eather t h i s  e f f e c t  was n o t  as n o t ic e a b le .  An i m p o r t a n t  
e f f e c t  th e n ,  was a ra p id  change o f  hum id ity  caused by s h o r t  p e rio d s  
o f r a in ,  which could  a ls o  ra p id ly  change th e  m olecu lar lead  le v e ls .
Prolonged p e rio d s  of r a i n ,  o r heavy r a in  fo r  s e v e ra l  h o u rs , had 
an o p p o site  e f f e c t  by  d ra m a tic a lly  reducing  th e  m o lecu la r le a d  le v e ls
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E f f e c t  o f  d a y lig h t  cn m o lecu la r le a d  c o n c e n tra tio n  ( v i r t u a l l y  
ze ro  to  n o n -e x is te n t  i n  e a r ly  m orning and n o n -e x is te n t  a f t e r  d a rk  
in  th e  ev en in g .
in  some c a se s  co m p le te ly  e l im in a tin g  i t .  T h is  e f f e c t  can be seen  in  
f ig u re  IS . Heavy p ro longed  r a in  seemed e f f e c t i v e l y  t o  sc ru b  th e  a i r  
o f  m o le cu la r a s  w e ll  a s p a r t i c u l a te  l e a d ,  a long  w ith  producing  s ig n i ­
f i c a n t  l a s t i n g  e f f e c t s  cn c o n c e n tra tio n  even a f t e r  th e  r a in  had s to p ­
ped .
The r e s u l t s  j u s t  o u t l in e d  f o r  m o lecu la r le a d  can be summarized 
in  a b r i e f  s ta te m e n t f o r  each  f a c to r  r e l a t i n g  a cause and e f f e c t  r e ­
la t io n s h ip  f o r  each c o n d it io n :
1) V a riab le  c o n c e n tra tio n s  -  m o lecu la r le a d  v a lu e s  v a ry  from 
week to  week, day  t o  d ay , o r  even hour to  hour; c o n c e n tra ­
t io n s  were r a r e l y  c o n s ta n t .
2 ) E f f e c t  o f au tom obile  d e n s i ty  -  under low wind c o n d it io n s ,  
c o n c e n tra tio n s  rec o rd ed  were a  d i r e c t  r e s u l t  o f  n ea rb y  
au tom obile  t r a f f i c .
3) Tem perature and h u m id ity  -  s t r o n g e s t  com bination’ o f  a l l  th e  
p o s i t iv e  f a c to r s  a f f e c t in g  th e  c o n c e n tra t io n .
4) ¥ in d  f a c to r s  -  wind speed and d i r e c t io n  have a d i r e c t  im pact 
cm th e  n a tu re  o f  a i r  b e in g  sampled w ith  re s p e c t  to  th e  source  
o f le a d  c o n c e n tra tio n  m easured .
5) B arom etric  p re s su re  -  a  v e ry  g e n e ra l  e f f e c t  which can a f f e c t  
o th e r  f a c to r s  w hich have a more d i r e c t  e f f e c t  an th e  concen­
t r a t i o n  i n  th e  a i r .
6) D a y lig h t -  i n  a d d i t io n  t o  a h e a tin g  e f f e c t ,  s u n l ig h t  p lay s  
an im p o rta n t r o le  (by th e  pho todecom position  o f le a d  h a lid e  
s a l t s )  -  d r a m a tic a l ly  in c re a s in g  t h e i r  vapor p re s s u re .
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The e f f e c t  o f  r a in  on. m o lecu la r le a d  i s  i l l u s t r a t e d  fo r  two con­
se c u tiv e  days in. J u ly .  T his f ig u re  shows th e  ''w ashing o u t"  e f f e c t  o f  
r a in  f o r  th e  f i r s t  day , and th e  r a p id  rec o v ery  o f  am bient le a d  l e v e l s  
th e  n e x t day under h o t and humid c o n d it io n s .
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7) P r e c ip i ta t io n  -  l i g h t  r a in  r a p id ly  in c r e a s e s  c o n c e n tra tio n  
by  r a i s in g  h u m id ity , b u t heavy o r p ro longed  l i g h t  r a in  
washes ou t th e  m o lecu la r sp e c ie s  a lm ost co m p le te ly .
The e f f e c t s  j u s t  d e sc r ib e d  a re  summarized and i l l u s t r a t e d  in  
f ig u re  19. The v a s t  m a jo r i ty  o f th e  le a d  d a ta  accum ulated co u ld  be 
r e l a te d  t o  th e  w ea th e r f a c to r s  j u s t  m en tioned . In  t h a t  sense  th e s e  
could  be c l a s s i f i e d  as '’norm al" f o r  t h i s  m ethod. There were o c ca s io n s  
however, i n  which th e  d a ta  o b ta in e d  were u n u su a l o r unique in  some 
r e s p e c ts .  Some of th e s e  u n u su a l d a ta  w i l l  be d e s c r ib e d  l a t e r .  A l­
though th e  rea so n  fo r  a l l  o f th e se  occu rences was n o t  obvious a t  th e  
tim e o f  a n a ly s i s ,  subsequen t e x p e rim e n ta l d a ta  ta k e n  to  de te rm ine  th e  
vapor p re s su re  o f  le a d  s a l t s  (c h a p te r  2) h e lp ed  t o  p rov ide  a c le a r e r  
e x p la n a tio n  fo r  fo r  th e s e  v i r t u a l l y  a l l  o f  th e  d a ta  o b ta in ed  f o r  am­
b ie n t  m o lecu la r le a d  c o n c e n tr a t io n s .
3 . Comparison to  O ther Methods -  3PA M eeting  December 1 0 , 1975
P re lim in a ry  r e p o r ts  o f d a ta  ta k e n  by t h i s  m ethod, w hich i n ­
d ic a te d  a) th e  n a n - f i l t e r a b l e  sp e c ie s  could  v a ry  by th re e  o rd e rs  o f
m agnitude and b ) v e ry  la rg e  s ig n a ls  ( 65 were sometimes r e ­
co rded , produced im m ediate sk e p tic ism  by a lk y l  le a d  m anufac tu ring  
in d u s try  and even o th e r  r e s e a rc h e rs  in  t h i s  f i e l d  o f s tu d y .
I n d u s t r i a l  c r i t i c i s m s  were based  cn l i t e r a t u r e  d a ta ,  and th e  p re ­
sum ption t h a t  in o rg a n ic  sp e c ie s  by  v i r tu e  o f  t h e i r  n e g l ig ib le  vapor 
p re s s u re s  a t  room tem p era tu re  cou ld  n o t  c o n tr ib u te  to  th e  "m olecu lar"  
c o n c e n tra t io n s ,  and many s tu d ie s  which in d ic a te d  th e  norm al l e v e l  o f 
a lk y l  le a d  in  th e  a i r  t o  v e ry  sm a ll t o  n o n - e x i s te n t , The s ta n d a rd  
i n d u s t r i a l  tec h n iq u e  o f  d e te rm in in g  a lk y l  le a d  compounds in v o lv e d  
a tra p p in g  s te p  cn a c t iv a te d  c h a rc o a l w ith  subsequen t e x tr a c t io n  by
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SUMMARY OF WEATHER EFFECTS
1) Tem perature -i- H um idity Temp 4 , H u m |—  I-Iol Fb(HIGH)
Temp f  , Hum j  — Hoi Pb (MODERATE )
Temp |  , Hum* — H oi Pb (MODERATE)
Temp f  , Humt — Mol Pb(LOW)
2) Wind Speed + D ir e c t io n :  a t  <5 MFH, H oi Fb F ark ing  Lot
>5 MPH, H oi Fb a f f e c te d  by d i r e c t io n
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3) B arom etric  F rc n ts  (new a i r  m ass): "H ighs”, Mol Pb t
"Lows", H oi Pb +
4) S u n l ig h t : S u n lig h t I n t e n s i t y  f , MOL Fb f
5) P r e c i p i t a t i o n : S h o rt Term, Hum f , MOL Pb I
Long Term, Hum f  , MOL Pb f
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an o rg an ic  so lv e n t and measurement by atom ic a b s o rp t io n , o r a c o lo r i ­
m e tr ic  a i r  s c ru b b in g /tra p p in g  tech n iq u e  such a s  io d in e  m onochloride 
(which g iv e s  a red  s o lu t io n  th e  i n t e n s i t y  o f which i s  dependent on 
th e  c o n c e n tra tio n  o f  le a d  p r e s e n t ) .  Based on such d a ta ,  th e  e x is ­
ten ce  o f such h igh  n o n - p a r t ic u la te  le a d  l e v e ls  cou ld  e a s i l y  be doub­
te d .
I t  was n o t  our in te n t io n  o r  d e s ir e  t o  r e f u te  th e s e  a lk y l  le a d  
d a ta .  In  f a c t ,  i n  a l l  p r o b a b i l i ty  th e  c o n c e n tra tio n  o f a lk y l  le a d  
compounds a lo n e  cou ld  n o t  acco u n t f o r  th e  h igh  le v e l s  sometimes r e ­
co rded .
In  th e  defense  o f th e  v a l i d i t y  o f  our d a ta ,  however, th e  f o l ­
low ing argum ents may be made.
1) th e  d a ta  o b ta in ed  by t h i s  method were q u ite  u n lik e  t h a t  
a cq u ired  by o th e r  methods and shou ld  n o t  be compared d i r e c t l y .
2) th e  AA system  used in  th e s e  s tu d ie s  d e te rm in es  a l l  vaporous 
le a d  compounds -  n o t  on ly  a lk y l  (o rg a n ic )  s p e c ie s .
3) th e  s ta n d a rd  m ethods o f  a n a ly s i s ,  such a s  a e ra t io n  th rough  
io d in e  m onoch lo ride , o r sc ru b b in g  a i r  th ro u g h  a c t iv a te d  c h a rc o a l 
would p ro b ab ly  n o t be an e f f i c i e n t  means o f t r a p p in g  vaporous i n o r ­
g an ic  s p e c ie s .  'Evidence o f  th e  poor tra p p in g  e f f i c ie n c y  o f a c t iv a te d  
c h a rc o a l f o r  in o rg a n ic  m e ta l sp e c ie s  w i l l  be g iv en  in  c h a p te r  2 .
There was a ls o  th e  p o s s i b i l i t y  t h a t  th e  in o rg a n ic  vapors tra p p e d  an 
th e  a c t iv a te d  c h a rc o a l would n o t be e f f i c i e n t l y  d is s o lv e d  o f f  by an 
o rgan ic  e x t r a c t a n t .  The n e t  r e s u l t  would be low v a lu e s  f o r  th e  o v e r­
a l l  c o n c e n tra tio n  o f  le a d  i n  th e  a i r  (assum ing th e  tech n iq u e  i s  e f ­
f i c i e n t  f o r  le a d  a lk y l s ) .
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4) "the in e f f ic ie n c y  o f standard, methods fo r  tra p p in g  non— 
a lk y l  le a d  compounds, and th e  p o s s ib i l i t y  o f incom plete  e x tra c t io n  
by o rgan ic  s o lv e n ts ,  would r e s u l t  in  v e ry  poor r e s u l t s  fo r  v e ry  low 
c o n c e n tra tio n s  of l e a d , l e s s  than  0 .1  f o r  exam ple, and th ese
le v e ls  would n o t be added to  th e  average v a lu es  re p o rte d  fo r  the  
sam pling p e r io d . There was a ls o  th e  p o s s ib i l i t y  o f sample contam i­
n a tio n  in  th e  e x tra c t io n  procedure  a t  ve ry  low lea d  c o n c e n tra tio n s .
The r e s u l t s  ob ta in ed  by th e  s ta n d a rd  methods should  n o t  be compared 
to  t h i s  tech n iq u e  which was much more e f f i c i e n t ,  s u b je c t  to  v i r t u a l l y  
no con tam ination  e r r o r s ,  and which was a c c u ra te  a t  low le v e ls  o f 
m o lecu lar le a d .
To determ ine i f  indeed  th e  h igh  m olecu la r s ig n a l  r e s u l te d  from 
a lk y l  lead  compounds (as  opposed to  in o rg a n ic  le a d  compounds) from 
autom obiles i n  th e  nearby  park ing  l o t ,  a s e r i e s  o f s tu d ie s  by an o th e r 
re s e a rc h e r  were made to  re so lv e  t h i s  q u e s tio n .
The developm ent o f com b inational tech n iq u es  o f a n a ly s is  has been 
th e  s u b je c t o f  ex te n s iv e  study  in  our la b s .  Che such com binational 
techn ique  invo lved  th e  m ating o f a g ra p h ite  a to m ise r w ith  a conven­
t i o n a l  Gas Chromatograph. T his tech n iq u e  had been used s u c c e s s fu lly
to  determ ine th e  r e l a t i v e  c o n c e n tra tio n s  o f  th e  f iv e  a lk y l  le a d  com-
(57)
pounds no rm ally  added to  g a s o lin e .
The a n a ly s is  o f a lk y l  le a d  le v e ls  in  th e  a i r  by t h i s  method in v o l­
ved a cryogen ic  tra p p in g  s te p  in  th e  sam pling s i t e  la b o ra to ry  on a 
"m ini'' column long) w ith  a Tenax s u b s t r a te .  A f te r  a s u f f i c i e n t
volume of a i r  had been scrubbed (1 M^) th e  m in i column was in s e r te d  
b e fo re  th e  re g u la r  column in  th e  GC and allow ed to  come to  e q u ilib riu m
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w ith  no gas flow . The gas flow  was th en  r e - e s ta b l i s h e d  and th e  r e ­
s u l t in g  programmed tem p era tu re  chrom atogram  reco rd ed  by the  AA d e te c ­
t o r .  A lky l lead  compounds o f  an in d e te rm in a te  n a tu re  were n o ted  in
(c-Q )
on ly  two o f  over 40 sam ples. I t  shou ld  be n o ted  th a t  many h ig h
m o lecu la r le a d  c o n c e n tra tio n s  w ere reco rd ed  du ring  th i s  p e r io d .
These d a ta  ag reed  w ith  i n d u s t r i a l  d a ta  in d ic a t in g  very  low a lk y l 
lead  em ission  from a u to m o b ile s . One e x p la n a tio n  fo r  th e  u n u su a lly  
h ig h  lead  le v e ls  t h a t  cou ld  be made and was p roposed , was su p p o rted  
by c o n s id e ra b le  d a ta  a c q u ire d  on th e  vapor p re s s u re  o f  le a d  s a l t s  a t  
roam tem p era tu re  ( to  be d isc u sse d  in  th e  n e x t c h a p te r ) .  To re s o lv e  
th e  c o n f l i c t in g  d a ta  and to  determ ine  th e  accu racy  o f  the  v a r io u s  
m ethods, a m eeting  was a rra n g ed  by th e  E nvironm ental P ro te c t io n  
Agency fo r  a l l  concerned p a r t i e s  a t  th e  sam pling s i t e .  D uring th is  
p e rio d  th e  v a rio u s  sam pling tech n iq u es  w ere em ployed, w ith  th e  even­
tu a l  com parison o f  th e  lead  v a lu e s  o b ta in e d  to  be th e  u l t im a te  g o a l.
U n fo rtu n a te ly  th e  o r ig in a l  m eeting schedu led  f o r  Septem ber had 
to  be postponed u n t i l  a co ld  p e rio d  in  December. I f  th e  o r g in a l  
schedu le  f o r  Septem ber had been fo llo w ed , s ig n i f i c a n t  r e s u l t s  w ould, 
undoub ted ly , have been o b ta in e d . High v a lu e s  o f m o lecu la r lead  a re  
f re q u e n tly  reco rd ed  d u rin g  Septem ber, a p e rio d  o f h ig h  tem p era tu re  
and h u m id ity . The December m eeting began d u rin g  a long  p e rio d  o f  
co ld  r a in  and ended w ith  d ry , coo l w eather w ith  c le a r  s k ie s .  These 
w eather c o n d itio n s  p re d ic ta b ly  r e s u l te d  in  v i r t u a l l y  zero  lea d  con­
c e n tr a t io n s  . This was r e f l e c t e d  in  th e  r e s u l t s  o f  th e  v a rio u s  a n a ly ­
s i s  m ethods. A ll  m ethods, in c lu d in g  th e  AA m ethod, measured l i t t l e  
o r  no s ig n i f i c a n t  c o n c e n tra t io n  o f  n o n - f i l t e r a b l e  le a d .
I t  would have been v ery  s u r p r is in g  i f  le a d  le v e ls  had been h ig h  
d u rin g  such adverse  c o n d it io n s . As a r e s u l t  o f  th e se  u n fo r tu n a te  
sam pling  c o n d itio n s  no c o n c lu s io n s  were made and th e  v a l i d i t y  o f  each 
method cou ld  n o t be dete rm ined  o r  compared to  th e  o th e r s .
F o o tn o te : S h o r tly  b e fo re  th e  a i r  sam pling p r o je c t  was ended a p p ro x i­
m ately  9 months l a t e r  (due to  a move to  a new c h em is try  b u ild in g  w ith  
s e a le d  w indow s), th e  n e c e s s i ty  o f  re s o lv in g  th e  d isp u te  over sam pling 
tech n iq u es  was rendered  academ ic , as the  Supreme C ourt ru le d  th a t  the  
E nvironm ental P ro te c t io n  Agency d id  n o t have to  prove the  harm fu l 
e f f e c t s  o f  am bient p o l lu ta n ts  b e fo re  banning o r s e v e re ly  r e g u la t in g  
t h e i r  c o n c e n tra tio n . As a p p lie d  to  th e  s p e c i f i c  ca se  a t  h an d , th e  
EPA d id  n o t have to  p rove th e  p resen ce  o f  h ig h  le v e ls  o f  le a d , o r 
th e  t o x ic i ty  o f  am bient le a d ,  to  fo rc e  com pliance w ith  th e  C lean A ir 
A ct Amendments o f  1970. These amendments o f  the C lean A ir Act had 
mandated a schedu le  o f  phased in  re d u c tio n s  in  a llo w a b le  exhaust 
em issions from au tom obiles ( in c lu d in g  le a d  e m iss io n s ) . N e v e r th e le s s , 
the  p reponderance o f a i r  sam pling d a ta  taken  by th e  method d e sc r ib e d  
e a r l i e r  in  t h i s  s e c t io n  c le a r ly  in d ic a te d  th e  v a l i d i t y  and un iqueness 
o f  t h i s  in s tru m e n t and th e se  te c h n iq u e s .
C, "U nusual" Data O btained  by C onven tional Sampling Techniques
1 . R ea l-tim e  measurement o f  am bient lead  c o n c e n tra tio n .
The e f f ic ie n c y  o f  th e  a to m iz a tio n  p ro cess  by th i s  meth­
od was ev idenced  by i t s  s e n s i t i v i t y ,  on ly  500 cc o f  a i r  w ere re q u ire d  
fo r  a n a ly s is  (100 cc /m in . fo r  5 m in .) .  Even w ith  th e  e x c e p tio n a l 
s e n s i t i v i t y  o f  t h i s  in s tru m e n t i t  was n o t p o s s ib le  norm ally  to  m easure 
am bient m o lecu la r le a d  c o n c e n tra tio n  d i r e c t l y .
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T his would re q u ire  e i th e r  a one hundred fo ld  in c re a se  i n  th e  
s e n s i t i v i t y  o r ex trem ely  h igh  am bient c o n c e n tra tio n s  t h a t  could  be 
recorded  on a continuous % T b a s i s .  A con tinuous gaseous s tan d ard s  
system  fo r  le a d ,  a s  a re fe re n c e , would have to  be employed f o r  such 
a method to  be a p r a c t ic a l  means o f  sam pling. Such a system  has been 
e x te n s iv e ly  employed in  in d u s try  to  produce a s ta n d a rd  atm osphere o f 
1 , 5j 10j 20 , e tc .  PPM le a d . These a i r  s ta n d a rd s  have been used to  
c a l ib r a te  and check th e  co n v en tio n a l i n d u s t r i a l  a i r  sam pling te c h n i­
ques.
The equipment employed to  produce th e  s ta n d a rd  atm osphere con­
s i s te d  o f a dev ice  fo r  ev ap o ra tio n  o f  l iq u id  T e tr a -e th y l  Lead (TEL) 
under a flow ing stream  o f n i tro g e n , and d i lu t io n  v ia  v a rio u s  r o ta ­
m eters to  ach ieve  th e  d e s ire d  c o n c e n tra tio n . The lo s s  i n  w eight of 
th e  TEL was m easured a t  v a rio u s  tim es to  determ ine th e  i n i t i a l  lead  
c o n c e n tra tio n  in  th e  known n itro g e n  flow over th e  TEL. This method 
was su b je c t t o  e r r o r s  o f d i lu t io n  a t  low c o n c e n tra tio n s  and th e  v a l i ­
d i ty  o f such s ta n d a rd s  i n  th e  0 .0 1  —1 . 0 /ag/il3 range would be in  d o u b t. 
For t h i s  rea so n , th e  d i r e c t  measurement o f am bient le a d  using  t h i s  
method fo r  s ta n d a rd iz a tio n  would be u n re l ia b le  and th e  r e s u l t s  r e ­
p o rted  s u b je c t t o  e r r o r .
On ra re  o c ca s io n s , however, th e  c o n c e n tra tio n  o f m olecu lar lead  
was s u f f i c i e n t ly  h igh  to  be reco rded  c o n tin u o u sly . F igu re  30 shows 
one such a b so rp tio n  t r a c e  recorded  cn a ho t humid summer day . With­
ou t s u i ta b le  s ta n d a rd s , th e  c o n c e n tra tio n  a t  a g iven  tim e could  n o t  
be de te rm ined , b u t was undoubtedly  v e ry  h ig h .
The d a ta  t r a c e  shown in  f ig u re  20 was no t ty p ic a l  by any means, b u t
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FIGUE3 20
T his f ig u r e  i l l u s t r a t e s  a r a r e  occasio n  when th e  
m o le cu la r le a d  c o n c e n tra tio n  was h ig h  enough t o  be 
m easured d i r e c t l y  w ith o u t th e  norm al tra p p in g  s te p  
re q u ire d . The curve shown i s  th e  a b so rp tio n  t r a c e  
tak e n  c o n tin u o u s ly  (u s in g  a .0.45 y f i l t e r  to  s e p a ra te  
th e  p a r t i c u l a t e ) .
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was an e x c e p tio n  to  "norm al" v a lu e s  o f O .O l-rlO  jug/M-^.
2 . D ata aq u ired  im m ed ia te ly  a f t e r  a b r i e f  heavy th u n d e r­
shower -  The e f f e c t s  o f h igh  tem p era tu re  and hum id ity  to g e th e r  were 
alw ays v e ry  pronounced. One u n u su a l example o f  t h i s  c o m b in a tio n a l 
e f f e c t  occured  an a h o t (95°F) humid summer day . Normal sam pling 
p ro ced u res  had re v e a le d  h ig h , b u t  n o t  u n u su a lly  h ig h , (~ 5 * 0  jug/k^) 
c o n c e n tra tio n s  o f  am bient l e a d .  There was a b r i e f  (15-20  m inu tes) 
heavy thundershow er i n  th e  a f te rn o o n  w hich r a i s e d  th e  hum id ity  so 
q u ic k ly  t h a t  th e r e  was a dense fog  f o r  ap p ro x im ate ly  one hour a f t e r  
th e  show er. A t y p i c a l  sample (500 cc @ 100 cc/roin th ro u g h  a 0 .0 1  p. 
f i l t e r )  was tak en  d u rin g  t h i s  t im e . The r e s u l t i n g  a b so rp tio n  t r a c e  
i s  shown i n  f ig u re  21 . As can be se en , th e  le a d  c o n c e n tra tio n  from  
th e  sample was s t i l l  p roducing  a  s ig n a l  a f t e r  25. m in u te s . These d a ta  
c le a r ly  dem onstra ted  th e  e f f e c t  t h a t  a com bination  o f  h ig h  tem pera­
tu r e  and hum id ity  can have on th e  ambient- c o n c e n tra t io n , b u t i s  c e r ­
t a i n l y  n o t  t y p i c a l  o f  th e  r e s t  o f  th e  d a ta  tak en  by th e s e  te c h n iq u e s .
3- D ata a q u ire d  im m ed ia te ly  fo llo w in g  th e  passage o f  a 
h u r r ic a n e  -  Unexpected r e s u l t s  were o b ta in ed  w ith  th e  passage o f  a 
h u r r ic a n e  q u i te  c lo se  t o  Baton Rouge (and th e  sam pling s i t e ) .  The 
days im m edia te ly  p roceed ing  th e  h u rr ic a n e  were v e ry  r a in y  and c o o l 
w ith  f r e q u e n t  h ig h  s o u th e r ly  w inds from th e  G ulf o f  M exico. As 
m entioned e a r l i e r ,  such c o n d itio n s  a re  n o t  fa v o ra b le  f o r  h ig h  concen­
t r a t i o n s  o f  m o lecu la r le a d . P ro longed  p e r io d s  o f  r a in  can co m p le te ly  
remove t h i s  form o f  le a d  from th e  atm osphere.
Cn th e  day  a f t e r  th e  passage o f  th e  h u rr ic a n e  (which was marked by 
a l o t  o f r a in  and h ig h  w in d ), s e v e r a l  am bient a i r  sam ples were tak en
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under c lo u d le s s  s id e s  and warn "but n o t  hi m id c o n d it io n s .  The r e s u l t s  
a re  shown in  f ig u re  22. A f te r  such  a  p e rio d  o f h a rsh  w eath er such 
q u a n t i t ie s  o f m o le cu la r le a d  found were s u r p r i s in g .  I t  would ap p ea r 
t h a t  th e  m ajor sou rce  o f p o l lu t io n  (au to m o b ile s) cou ld  v e ry  r a p id ly  
re p la c e  th e  le a d  \-jashed o u t by  t h i s  extrem e w eather s i t u a t i o n .
4 . D ata aq u ired  im m ed ia te ly  b e fo re  and a f t e r  a  LSU vs 
Tulane f o o t b a l l  game -  A lso m entioned e a r l i e r ,  d a y l ig h t  appeared  to  
p la y  an im p o rta n t r o le  in  th e  c o n c e n tra tio n  o f  m o le cu la r le a d  found . 
T h is was e v id e n t in  th e  d isa p p ea ran c e  o f th e  m o lecu la r le a d  sp e c ie s  
(b u t n o t  th e  p a r t i c u l a t e  s p e c ie s )  a f t e r  d a rk . One o f th e  few excep­
t io n s  to  t h i s  norm was n o ted  on a S a tu rd ay  i n  November o f  a LSU home 
f o o tb a l l  game. U nlike w eekdays, t r a f f i c  d e n s i t i e s  n e a r  th e  sam pling 
s i t e  a re  n o t  h ig h  cn w eekends. T his S a tu rd ay  was c le a r  and c o o l, and 
m o lecu la r le a d  l e v e l s  were r e l a t i v e l y  h ig h  around midday and e a r ly  
a f te rn o o n , f a l l i n g  o f f  r a p id ly  to  a lm ost a e ro  in  m id -a f te rn o o n .
The s t a f f  p a rk in g  l o t  n e a r  th e  s i t e  was alw ays f i l l e d  by au tom ob iles 
parked  by s p e c ta to r s  f o r  th e  LSU f o o tb a l l  games. I t  was n o ted  t h a t ,  
w ith  th e  approach  o f gam etim e, th e  v e ry  low am bient c o n d itio n s  o f 
l a t e  a f te rn o o n  began a v e ry  slow  r i s e  co rresp o n d in g  to  th e  in c re a s e  
i n  t r a f f i c  d e n s i ty  f o r  th e  game ( f ig u re  23)« The c o n c e n tra tio n s  r e ­
corded reached  a m oderate p la te a u  a t  ap p ro x im ate ly  th e  s t a r t i n g  tim e 
o f  th e  game and rem ained a t  t h a t  l e v e l  f o r  a n o th e r  h o u r. T his d a ta  
was s u r p r i s in g ,  however, a s i t  shou ld  be n o te d  t h a t  in  November, i t  
began t o  g e t  d a rk  a t  6 :00  p.m . By game tim e a t  7 :30  p.m . i t  was d a rk . 
The r i s e  i n  c o n c e n tra tio n  c o n tin u ed  even though th e  e f f e c t  due to  sun­
l i g h t  was d im in ish e d . T h is was n o t  e a s i l y  ex p la in e d  ex cep t t h a t  th e
FIGURE 22
T his f ig u re  i l l u s t r a t e s  th e  a b so rp tio n  t r a c e s  
r e s u l t in g  from th e  a to m iza tio n  o f  a n o n - f i l t e r a b le  
"m olecular" le a d  sample tak en  th e  day a f t e r  th e  
passage o f a  h u r r ic a n e  n e a r  th e  sam pling s i t e .
The m e ta l c o n c e n tra tio n  o f th e  vaporous sp ec ie s  
may be determ ined by comparison o f th e  sample 
a re a  t o  th e  a re a  o f  a l iq u id  s tan d a rd  in je c te d  
im m ediate ly  a f t e r  th e  "con tam ination" o f  th e  a i r  
sample had c leaned  up . The s ta n d a rd 's  a re a  was 
due to  th e  in je c t io n  o f  5 ^  o f a 0 .2  /ig /^ 1  so lu ­
t io n  = 1 x  lCT^g t o t a l .  The sam p le 's  c o n c e n tra tio n
was determ ined  by : ( —5 ^  10“ ^g/500 cc sam ple))(
3
(2000-500 cc sam ples/rl^) = -1 0  /ig/M
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c o n c e n tra tio n  o f c a rs  in  th e  immediate v i c i n i t y  o f th e  s i t e  -was much 
h ig h er fo r  th e  game th an  th e  u su a l weekday t r a f f i c .  T his was due 
to  s p e c ia l  pa rk ing  allow ed fo r  th e  games on nearby  g ra ss  f i e ld s  and 
b u ild in g  g rounds. T his e x tra  c o n c e n tra tio n  may have overcome th e  
lo s s  o f am bient c o n c e n tra tio n  due to  th e  absence of s u n l ig h t .
The d a ta  j u s t  d e sc rib e d  as "unusual" were n o t ty p ic a l  o f the  
b u lk  o f th e  m o lecu lar le a d  d a ta  a q u ire d . V ir tu a l ly  a l l  o f  th e  d a ta  
ob tained  in  t h i s  s tu d y  could  be r e la te d  t o  w eather by th e  w eather 
co n d itio n  r e la t io n s h ip s  d e sc r ib e d  e a r l i e r .
The n e x t c h a p te r  d e sc r ib e s  a re se a rc h  p ro je c t  t h a t  ran  concur­
r e n t ly  to  th e  m olecu lar lead  p r o je c t .  The o r ig in a l  aim o f  t h a t  p ro ­
j e c t  was th e  measurement o f th e  vapor p re s su re  o f m e ta l s a l t s  a t  room 
te m p e ra tu re s . When i t  was determ ined  t h a t  th e  vapor p re s su re s  o f 
m eta l s a l t s  cou ld  be m easured a t  room te m p e ra tu re s , th e  e f f e c t  of 
tem p era tu re , h u m id ity , s u n l ig h t ,  e t c .  on th e  vapor p ressu re  o f  th e  
m e ta l s a l t s  could  be s tu d ie d . These e f f e c t s  could then  be r e la te d  to  
s im ila r  e f f e c t s  o f w eather on m olecu la r le a d  c o n c e n tra tio n s . This 
comparison can be made because th e  in s tru m en t used in  th e se  s tu d ie s  
t r a p s  a l l  forms o f le a d  e f f i c i e n t l y  in c lu d in g  vaporous in o rg a n ic  
le a d  compounds (no t j u s t  th e  o rgan ic  forms o f l e a d ) .
5 . O ther elem ents analyzed  u sin g  th e  co n v en tio n a l sam pling 
techn ique  -  Although a  good d e a l  o f  th e  s tu d ie s  cn am bient m eta l con­
c e n tra t io n  invo lved  le a d  and le a d  compounds, o th e r  m eta ls  in  th e  a i r  
could be determ ined w ith in  th e  l im i t s  p laced  on a to m iza tio n  tem pera­
tu re  by th e  m eltin g  p o in t o f th e  q u artz  c e l l .  Although n o t a s u b je c t 
o f m ajor s tu d y , "m olecular" cadmium was observed on occasion  ( f ig u re  
24) and th e  c o n c e n tra tio n  was e s tim a te d , on th e  av erag e , t o  be l e s s
S6
FIGURE 24
In  comparison to  m o lecu la r le a d , th e  tim e req u ire d  
f o r  th e  sam pling o f m o lecu lar cadmium was much la r g e r .  
VJhile i t  was p o ss ib le  to  sample m olecu lar lead  every  
10 m inutes ( in c lu d in g  th e  a to m iza tio n  s te p ,  th e  much 
low er c o n c e n tra tio n  o f m o lecu la r cadmium re q u ire d  30 
m inutes t o  an hour. Although m olecu la r cadmium could  
n o t  be sampled very  o f te n , th e  c o n c e n tra tio n  appeared 
to  be approx im ate ly  c n e -s ix th  t h a t  o f m o lecu lar le a d .
In  o rd e r to  determ ine th e  c o n c e n tra tio n  o f th e  adsorbed 
s p e c ie s ,  th e  a re a s  o f  th e  am bient peaks a re  compared 
to  th e  a re a  o f an in je c te d  l iq u id  s ta n d a rd . The num­
b e r  of sam ples req u ire d  to  sample 1 a re  m u lt ip lie d  
by th e  c o n c e n tra tio n  o f th e  s ta n d a rd .
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th an  o n e -s ix th  t h a t  o f m o lecu la r le a d .  A com plete sy s te m a tic  s tu d y  
o f m o lecu la r cadmium could  n o t  be undertaken  fo r  th e  same rea so n s  
g iven  t h a t  p rev en ted  a com plete s tu d y  o f m o lecu la r l e a d .  (Atomic 
a b so rp tio n  was n o t  a m u lti-e le m e n t tec h n iq u e  and o n ly  one e lem ent a t  
a tim e cou ld  be s tu d ie d ,  in s tru m e n t f a i l u r e s ,  o th e r  re s e a rc h  p r o je c t s ,
e t c . ) .  in  a d d it io n ,  th e  low er am bient c o n c e n tra tio n  o f  m o lecu la r cad­
mium re q u ire d  t h a t  a  much l a r g e r  t o t a l  sample be ta k e n  to  produce a 
m ean ing fu l s ig n a l .  T h is o f te n  re q u ire d  a sam pling tim e o f a t  l e a s t  
30 m inu tes t o  an h o u r. D esp ite  th e se  draw backs, th e  c o n c e n tra tio n  
o f am bient cadmium, was a ls o  d e te rm ined  whenever p o s s ib le .  There 
appeared  to  be no a p p a re n t am bient p a t te r n  in  th e  l im ite d  amount o f 
d a ta  a v a i la b le .  However, i t  appeared  t h a t  w hatever th e  sou rce  o f 
cadmium, th e  c o n c e n tra tio n  in  th e  a i r  was a f f e c te d  by w eather i n  a 
s im ila r  manner to  t h a t  o f le a d .  D uring p e rio d s  o f  h ig h  c o n c e n tra ­
t io n s  o f l e a d ,  th e  m o lecu la r cadmium l e v e l  was a ls o  m easu rab le . Dur­
in g  p e rio d s  o f v e ry  low to  unm easurable le a d  c o n c e n tr a t io n s ,  no cad­
mium was found .
As a m a tte r  o f  re c o rd , T l ,  Ag, Hg, Zn, and Au were t e s t e d  when 
p o s s ib le  f o r  an am bient m o lecu la r sp e c ie s  b u t no m easurab le  concen­
t r a t i o n s  were ev er d e te c te d  (even from 12 l i t e r s  o f a i r  -  2 h ou rs a t  
100 cc /m in . ) .
CONCLUSIONS
The c o r r e la t io n  o f  m o lecu la r le a d  j u s t  d e sc r ib e d  were n o t  th e  r e ­
s u l t s  o f c a r e f u l ly  desig n ed  o r  th o ro u g h ly  c o n tro l le d  c o n d it ic n s  o f  
norm al la b o ra to ry  e x p e rim e n ta tio n . The n a tu re  and c o n c e n tra tio n s  o f 
th e  am bient le a d  c o n c e n tra tio n s  m easured were t o t a l l y  ou t o f  th e
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c o n tro l  of th e  experim en ter as th e  w eather cannot be c o n tro l le d .  I t  
was a ls o  n o t  p o ss ib le  to  sample th e  a i r  on a ro u tin e  d a i ly  b a s is  
from morning to  n ig h t  (the  i d e a l  c a s e ) ,  f o r  s e v e ra l  re a so n s , rfot 
among th e  l e a s t  o f  th e se  was th e  more then  o c c a s io n a l equipment 
f a i l u r e  s in ce  th e  ex p erim en ta l equipment was s u b je c t t o  breakdowns. 
S ev e ra l o th e r  re s e a rc h e rs  a ls o  used t h i s  system  in  t h e i r  re s e a rc h , 
and a i r  sam pling had to  compete w ith  o th e r  s tu d ie s  by th e  a u th o r .
Under th e s e  c ircu m stan ces , th e  le a d  c o n c e n tra tio n s  were measured 
when p o s s ib le ,  and th e  ex p erim en ta l c o n d itio n s  on ly  n o ted  a t  th e  
tim e o f sam pling.
D esp ite  th e se  handicaps to  a sy s tem atic  s tu d y , s e v e ra l  thou ­
sand d a ta  p o in ts  were taken  and were th e  b a s is  s e t  from which th e  
o b se rv a tio n s  and c o r r e la t io n s  j u s t  d e sc rib e d  were drawn.
The o b se rv a tio n s  and c o r r e la t io n s  made were th e  r e s u l t s  o f ob­
se rv a tio n s  made over a 30 month p e r io d , d u rin g  which a l l  p o ss ib le  
atm ospheric  c o n d itio n s  p re v a i le d . The v a r io u s  f a c to r s  o f w eather and 
t h e i r  r e la t io n s h ip  to  am bient le a d  le v e ls  were summarised below . The 
d a ta  appeared to  in d ic a te d  a d i r e c t  connection  between th e  w eather and 
m olecu lar le a d  l e v e l s .  Thi3 connec tion  was e x h ib ite d  th rough  th e  
p a t te rn s  and r e s u l t s  d e sc r ib e d . In  summary th e se  r e s u l t s  in d ic a te d :
1) V ariab le  le a d  le v e ls  in  which th e  m olecu la r sp e c ie s  was 
r a r e ly  c o n s ta n t fo r  any le n g th  o f tim e .
2) A r e p e t i t i v e  lead  c o n c e n tra tio n  r e la t io n s h ip  a p p a re n tly  due 
to  a nearby  park ing  l o t ,
3 ) Tem perature and hum id ity  to g e th e r  s ig n i f ic a n t ly  a f fe c te d  
th e  le a d  l e v e l s .
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4) Wind speed and d i r e c t io n  a f fe c te d  th e  le a d  le v e ls  by con­
t r o l l i n g  th e  source o f th e  a i r  mass reach in g  th e  sam pling s i t e .
5) B arom etric p re ssu re  i n d i r e c t ly  a f f e c te d  c o n c e n tra tio n s  by 
changing th e  w eather c o n d itio n s  which d i r e c t l y  a f f e c t  th e  lead  
l e v e l s .
6) D ay lig h t had a p o s i t iv e  im pact on th e  c o n c e n tra tio n  of 
m o lecu la r sp e c ie s  as evidenced by a v i r t u a l  absence o f m olecu lar 
le a d  b e fo re  dawn and a f t e r  d a rk .
7) Rain in c re a se d  sh o r t  term  lea d  c o n c e n tra tio n s  by ra p id ly  
r a i s in g  th e  hum id ity , and by washing out th e  lead  sp e c ie s  du ring  
long p e rio d s  o f r a in .
The evidence fo r  th e se  o b se rv a tio n s  was abundant. These f a c to r s  
should on ly  be considered  as q u a l i t a t iv e  (p o s i t iv e  or n e g a tiv e )  i n ­
f lu e n c e s  on am bient le a d  c o n c e n tra tio n s . W ithout a complete d a ta  
se t , q u a n ti ta t iv e  s ta tem en ts  could  n o t be g iven  in  de te rm in ing  th e  
im pact o f w eather on a tm ospheric  le a d  l e v e l s .
I t  should a ls o  be no ted  th a t  th e  le a d  d a ta  s e t  accum ulated may 
be u n ique , due t o  th e  lo c a tio n  o f th e  sam pling s i t e .  There a re  c e r­
t a i n  elem ents in  th e  lo c a tio n  o f th e  sam pling s i t e  w hich, undoubted ly , 
c o n tr ib u te d  to  th e  lead  le v e ls  reco rd ed .
Some o f th e  more im p o rtan t a r e :
1) p ro x im ity  to  pa rk ing  l o t  t r a f f i c .
2) lo c a t io n  on th e  LSU campus.
3) lo c a tio n  in  th e  southw est c o m e r o f 3a tcn  Rouge ( p a r t i c u la r ­
ly  a f fe c te d  by winds from th e  Worth or E a s t ) .
4) lo c a tio n  in  sou thern  L ou isiana  (u n u su a lly  h igh  tem perature
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and hum id ity , e s p e c ia l ly  in  th e  summer).
The p ro x im ity  o f th e  s t a f f  park ing  l o t  e v id e n tly  had a d e f in i te  
im pact on th e  le a d  le v e ls  rec o rd ed . The lo c a t io n  o f th e  s i t e  on a 
c o lle g e  campus r e s u l te d  in  a d i f f e r e n t  type  o f d a ta  than  th a t  which 
would be ob ta ined  i f  th e  s i t e  were in  an o th e r p a r t  o f th e  c i t y  -  
n e a r  an i n d u s t r i a l  s i t e  o r a long  a highway f o r  exam ple. The lo c a tio n  
o f th e  s i t e  w ith in  th e  c i t y  o f Baton Rouge was im p o rtan t a l s o .  The 
LSU campus i s  lo c a te d  in  th e  southw est c o in e r  o f  Baton Rouge and th e  
d a ta  tak en  were c le a r ly  in flu e n c e d  by  t h i s ,  as le a d  le v e ls  r e s u l t in g  
from th e  heavy t r a f f i c  c o n c e n tra tio n s  to  th e  n o r th  and e a s t  were 
e a s i ly  o b se rv ab le . On th e  o th e r  hand la rg e  le a d  c o n c e n tra tio n s  were 
r a r e ly  observed from s tro n g  w e s te r ly  winds emerging from swamp lan d s  
and cane f i e l d s .
S o u th e rly  winds r e s u l te d  in  sm a ll, o f te n  unm easurable, concen­
t r a t i o n s  o f le a d  in d ic a t iv e  o f th e  r e l a t i v e ly  sm all p o p u la tio n  con­
c e n tr a t io n  sou th  o f th e  campus.
The lo c a tio n  o f th e  s i t e  in  sou thern  L ou is iana  undoubtedly  r e ­
s u lte d  in  h ig h e r c o n c e n tra tio n s  be ing  recorded  due to  a h igh  hum id ity  
le v e l  much o f th e  y e a r  (compared to  th e  r e s t  o f  th e  U nited  S ta te s ) .
A ll o f th e se  f a c to r s  and c o n d itio n s  o f sam pling s i t e  and w eather 
provided an e x c e p tio n a l o p p o rtu n ity  to  u t i l i z e  th e  unique c a p a b i l i ty  
of t h i s  atom ic a b so rp tio n  system . A study  o f t h i s  n a tu re  would n o t 
have been f e a s ib le  u sing  c o n v en tio n a l equipm ent o r even by o th e r  r e ­
sea rch  methods proposed in  th e  l i t e r a t u r e .
CHAPTER 2
DETERMINATION OF THE VAPOR PRESSURE OF 
METAL SALTS AT ROOM TEMPERATURE
I .  INTRODUCTION
A c o n c u rre n t l in e  o f  r e s e a rc h  employing th e  same in s tru m e n t and 
e x p e rim e n ta l p rocedu res as th o se  d e sc r ib e d  in  c h a p te r  1 , d e a l t  w ith  
a tte m p ts  t o  acco u n t fo r  th e  u n ex p ec ted ly  h ig h  c o n c e n tra tio n s  o f 
m o lecu la r le a d  sp e c ie s  f r e q u e n t ly  o b ta in e d . These h igh  concen­
t r a t i o n s  in d ic a te d  a much h ig h e r  c o n c e n tra tio n  f o r  t o t a l  am bient 
le a d  th an  in d ic a te d  by c u r r e n t  EPA m ethods. S ince  th e  l e v e l s  o f 
am bient o rg an ic  le a d  were to o  sm a ll t o  accoun t fo r  th e se  h ig h  con­
c e n t r a t io n s ,  th e s e  d a ta  were q u e s tio n e d  by i n d u s t r i a l  m an u fac tu re rs  
o f le a d  a lk y ls  and o th e r  r e s e a rc h e r s  in v o lv ed  in  l e a d - in - a i r  d e te r ­
m in a tio n s  .
The sk e p tic is m  which g re e te d  e a r ly  re p o r te d  d a ta  in s p i r e d  r e ­
se a rc h  which would g ive  e x p e rim e n ta l ev idence t h a t  could  accoun t fo r  
th e s e  u n ex p ec ted ly  h igh  c o n c e n tr a t io n s .  The b a s i s  f o r  t h i s  r e s e a rc h  
began w ith  th e  a n a ly s is  o f p a r t i c u l a t e s  ta k e n  in  our la b s  by E le c ­
tro n  S pec tro scopy  fo r  Chem ical A n a ly s is  (ESCA) which re v e a le d  s e v e ra l
le a d  h a l id e s ,  such as FbBr,,, FbBrCl, e t c ,  as w e ll  a s an expec ted  a r -  
(59)
ra y  o f  o x id e s . These d a ta  were c o rro b o ra te d  by o th e r  s tu d ie s  o f
(60 )
p a r t i c u l a t e s  o f  au tom obile  e x h a u s ts  by  x - r a y  d i f f r a c t i o n .  The
com position  o f  th e  p a r t i c u l a t e s  was n o t  unexpected  because o rg an ic  
scavenging  a g e n ts  (such as e th y le n e  d ibrom ide and e th y len e  d ic h lo r id e )  
have been added t o  g a so lin e  t o  p re v e n t th e  b u ild u p  o f le a d  d e p o s i ts  
which cou ld  u l t im a te ly  f o u l  eng ine  components such as th e  r in g s  and 
v a lv e s .
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I f  th e  vapo r p re s su re  o f  th e s e  in o rg a n ic  h a l id e s  was s u f f i c i e n t ­
ly  h igh  to  be m easurab le  a t  room te m p e ra tu re , th en  a  p o s s ib le  source  
o f th e  h igh  m o lecu la r lead  l e v e l s ,  d e sc r ib e d  in  th e  p rev io u s  c h a p te r ,  
cou ld  be p o s tu la te d .  However, c a lc u la t io n s  based  on vapor p re s su re  
form ulae f o r  in o rg a n ic  h a l id e s  s a l t s  such as th e  fo llo w in g  e q u a tio n  
61 have su g g ested  t h a t  th e  c o n c e n tra tio n s  should  be n o t  d e te c ta b le ,  
lo g 10P=(-0 .2185  A/°K)+B (2)
where a  and B a re  c o n s ta n ts  f o r  a s p e c i f i c  tem p era tu re  ra n g e . For 
exam ple, u s in g  th e  e q u a tio n  above th e  vapo r p re s su re  o f  F b B ^  was 
c a lc u la te d  t o  be 3 x  10_^g /l-I^  a t  room te m p e ra tu re . T h is  was w e ll  
below th e  d e te c t io n  l im i t s  o f  a v a i la b le  methods o f a n a ly s i s .
The d e te rm in a tio n  o f  th e  vapor p re s su re  o f in o rg a n ic  compounds,
in v a r ia b ly  in v o lv e s  e x p e rim e n ta l m easurem ents o f th e  v a p o r p re s su re
(62-63)
a t  e le v a te d  te m p e ra tu re s  (1000°C f o r  exam ple). E x p erim en ta l
d e te rm in a tio n s  were made a t  s e v e r a l  h ig h  te m p e ra tu re s  and a  vapor 
p re s su re  form ula r e l a te d  t o  tem p era tu re  was d eve loped .
(64- 67 )
Some te c h n iq u e s ,  such a s  th e  K nudson-T orsian -D iffusion  Method
can e x p e r im e n ta lly  de te rm ine  v apo r p re s s u re s  o f in o rg a n ic  m e ta l h a lid e
(6 8 )
compounds a t  te m p e ra tu re s  as low as 300°C. D e te rm in a tio n  o f
vapor p re s s u re s  a t  room tem p era tu re  (25°C) by th is ,  o r  o th e r  e x p e r i­
m en ta l methods has n o t  been r e p o r te d .  T h is has been due to  a la c k  o f 
s u f f i c i e n t  s e n s i t i v i t y  to  m easure v e ry  low c o n c e n tra tio n s  a t  room 
tem p era tu re  ( f o r  m ost compounds). Vapor p re s su re  v a lu e s  m ust th e r e ­
fo re  be c a lc u la te d  by e x tr a p o la t io n  u s in g  form ulae developed from 
h ig h  tem p era tu re  d a ta .
The form ulae l i s t e d  i n  s ta n d a rd  re fe re n c e  m anuals were de te rm ined
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from  " p e r f e c t” c r y s t a l s .  At lovrer tem ponatu re3 th e s e  form ulae may be 
s u b je c t  to  s e r io u s  e r r o r .  T h is may be e s p e c ia l ly  t r u e  f o r  compounds 
formed a t  low tem p era tu re s  where c r y s t a l  fo rm atio n s  a re  u n d o u b ted ly , 
l e s s  th a n  p e r f e c t .  For im p e rfe c t c r y s t a l s ,  any c ra c k s  o r f a u l t s  in  
th e  c r y s t a l  su r fa c e  w i l l  in c re a s e  th e  vapor p re s su re  due to  a low er­
in g  o f th e  l a t t i c e  energy  f o r  th e  atom n e a r  th e  f a u l t .  P a r t i c u la t e  
c r y s t a l s  formed in  an au tom obile  ex h au st system  have been observed  to  
be v e ry  i r r e g u l a r  when examined under a Scanning E le c tro n  M icroscope
(69)
(SSM). However, on ly  an ex trem ely  s e n s i t iv e  method cou ld  be used
to  m easure th e  vapor p re s su re  o f  compounds a t  room tem p era tu re  t o  t e s t  
t h i s  h y p o th e s is  t h a t  " f a u l t s "  cou ld  s i g n i f i c a n t l y  r a i s e  th e  vapor 
p re s s u re . The o b je c tiv e  o f  t h i s  work was to  m easure th e  vapor p r e s ­
su re  o f  m e ta l s a l t s  a t  room te m p e ra tu re .
The a tom ic a b so rp tio n  sy stem , and th e  te c h n iq u e s  used to  t r a p  
and an a ly ze  gaseous m e ta l l ic  p o l lu t a n t s ,  d e sc r ib e d  in  th e  p receed in g  
c h a p te r ,  were more th a n  cap ab le  o f  m easuring  v e ry  low vaporous con­
c e n tr a t io n s  o f  m e ta l s a l t s  a t  room te m p e ra tu re . E very  le a d  compound 
m easured a t  roam tem p era tu re  was found to  have a m easurab le  concen­
t r a t i o n  in  th e  vapor p h a se .
In  a d d it io n  to  m easuring th e  vapor p re s su re  o f  le a d  compounds, 
th e  e f f e c t  o f te m p e ra tu re , exposure  to  l i g h t ,  h u m id ity , and o th e r  
f a c to r s  a f f e c t in g  vapor p re s su re  cou ld  be d e te rm in e d . The r e l a t i o n ­
sh ip s  betw een th e s e  f a c to r s  and th e  vapo r p re s su re  c o n c e n tra tio n  were 
v e ry  s im ila r  t o  th e  c o r r e l a t io n s  o f am bient m o lecu la r le a d  c o n c e n tra ­
t io n s  to  e x is t in g  w ea th e r c o n d it io n s .  These d a ta  cou ld  c o rro b o ra te  
and h e lp  to  e x p la in  th e  w eather c o n d it io n  c o r r e l a t io n s .  The e f f e c t  o f
tem pera tu re  on th e  vapor p re s su re  p a ra l le le d  th e  e f f e c t  of tem pera tu re  
an th e  am bient le a d  c o n c e n tra tio n . T his was a ls o  t r u e  fo r  th e  o th e r  
e f f e c t s .
The p a r a l l e l s  drawn can be i l l u s t r a t e d  w ith  s p e c i f ic  s tu d ie s  of 
th e se  e f f e c t s  cm th e  vapor p re s s u re .
I I .  EXPERIMENTAL PROCEDURES AMD RESULTS OBTAIMED
The v a rio u s  components which com prised th e  s in g le  beam atom ic 
ab so rp tio n  system  used in  th e se  s tu d ie s  were th e  same as th o se  used 
in  th e  AA system  d e sc r ib e d  in  th e  ex p erim en ta l a p p a ra tu s  s e c tio n  o f 
ch ap te r 1 . The on ly  d if fe re n c e  was th e  ex p erim en ta l sam pling eq u ip ­
ment connected to  th e  a to m ize r.
A. E xperim en ta l P rocedures Used fo r  th e  D eterm ina tion  o f Vapor 
P re ssu res
1 . Sampling b o a t techn ique
As a  f i r s t  ex p erim en ta l method, a flow  th rough  system  
was a ttem p ted  in  which PbO was p laced  in  a  p o rc e la in  b o a t and "p u r if ie d "  
a i r  d ra m  over i t  and in to  th e  a tom izer by u s in g  th e  sy s tem 's  vacuum 
pump ( f ig u re  2 5 ). The p u r i f ic a t io n  o f a i r  fo r  use cn t h i s  system  had 
been th e  s u b je c t o f  ex te n s iv e  s tu d y  by p rev ious r e s e a rc h e rs .  The b e s t  
method f o r  p u r i f ic a t io n  proved to  be a s e r ie s  o f sc ru b b e rs . The se ­
quence was determ ined  a s : a d ry in g  a g en t to  remove w a te r , a c t iv a te d
ch a rc o a l t o  remove o rgan ic  and in o rg an ic  s p e c ie s , and a p a r t i c u la te  
f i l t e r  t o  t r a p  any sp e c ie s  n o t p re v io u s ly  removed. I f  th e  w ater 
sc rubber d id  n o t p receed  th e  a c t iv a te d  c h a rc o a l, th e n  th e  w ater vapor 
covered over th e  a c t iv e  s i t e s  on th e  a c t iv a te d  c h a rc o a l.
The sam pling r a te  had to  be optim ized  e x p e rim e n ta lly  th rough  a 
s e r ie s  o f samples m easured. E xperim en ta l sam pling r a t e s  o f 100-
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Schem atic d iagram  o f  th e  v a r io u s  components and equipm ent used 
in  th e  e a r ly  vapor p re s su re  d e te rm in a tio n  o f le a d  s a l t s .  T h is f ig u re  
i l l u s t r a t e s  th e  c le a n  a i r  system , th e  arrangem ent o f  th e  sam pling 
h o ld e r ,  and g iv e s  a schem atic  diagram  la y o u t o f th e  components used 
in  th e  atom ic a b so rp tio n  system .
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150 cc/m in  over th e  FbO produced no s ig n a l .  The sam pling r a t e  was 
th en  reduced t o  l e s s  th an  30 cc/m in  and a sm all s ig n a l  above th e  
background was re c o rd e d . When th e  r a t e  was d e c rea se d  to  l e s s  th an  
10 cc /m in , an even l a r g e r  s ig n a l  was o b ta in ed  ( t h i s  was 20 :1  d i l u ­
t io n  o f  th e  a i r  above th e  s a l t s ,  500 cc t o t a l  -J- 25 cc tu b e ) .  T his 
in d ic a te d  t h a t  a s t a t i c  o r no n -flo w in g  atm osphere would be re q u ire d  
to  a llo w  th e  a i r  above th e  s a l t  t o  come to  e q u il ib r iu m .
b .  S t a t i c  sy s te m ^ n e ta l s a l t s  c o n ta in e d  in  p l a s t i c  bags 
As v e ry  l i t t l e  was known abou t th e  c o n d itio n s  o f  
e q u ilib r iu m  o r how much s a l t  would be needed to  o b ta in  a re a so n a b ly  
la rg e  s ig n a l ,  a 120 l i t e r  g love  bag was adap ted  f o r  u s e . A la rg e  
q u a n ti ty  (-*-30 g) o f  PbO was p lac ed  in s id e  and th e  bag was s e a le d .
i
A g la s s  tube  was cemented t o  th e  bag to  p rov ide  an i n l e t  and o u t le t  
p o r t .
A p l a s t i c  tu b e  was connected  to  th e  g la s s  tu b e  and clamped off.- 
The bag was th e n  f i l l e d  th ro u g h  th e  g la s s  tu b e  w ith  p u r i f ie d  a i r  and 
th e  bag was a llow ed to  come to  e q u il ib r iu m  ( in  s e v e r a l  h o u rs ) .  A 
500 cc sample was drawn from th e  bag and an a c c e p ta b ly  la rg e  s ig n a l  
o b ta in e d . To av o id  in te r f e r e n c e s  from p a r t i c u l a te  m a t te r ,  a  s ta n d a rd  
0 .0 1  p . f i l t e r  was p laced  betw een th e  g love bag and a to m iz e r . A lthough 
th e  s ig n a l  was reduced  t o  ap p ro x im ate ly  tv /ice  th e  background, i t  was 
s t i l l  e v id e n tly  due to  a  m o lecu la r (vaporous) q u a n ti ty  o f  FbO. Sub­
sequen t d e te rm in a tio n s  o f  vapor p re s su re s  employed th e  s t a t i c  system  -  
p l a s t i c  bag te c h n iq u e .
c , R efinem ents to  th e  p l a s t i c  bag sam pling tec h n iq u e  
Once m easurab le  vapor c o n c e n tra tio n s  were o b ta in ed  
w ith  th e  g love  bag m ethod, th e  e x p e rim e n ta l sam pling tec h n iq u e  could  
be r e f in e d .  To de te rm ine  i f  vapor p re s s u re s  cou ld  be m easured when 
u s in g  a sm a lle r  bag , th e  g love bag was c u t i n to  e ig h t  e q u a l p ie c e s  
and each  p iec e  ’j a s  s e a le d  w ith  an epoxy to  form  a 1 5 - l i t e r  bag . T his 
sm a lle r  bag re q u ire d  l e s s  compound and was e a s i e r  to  maneuver in to  
p lac e  above th e  a to m iz e r . S m alle r bags cou ld  be t e s t e d  when th e se  
15- l i t e r  bags were observed  to  c o n ta in  m easurab le  vapor phase concen­
t r a t i o n s  .
A 5 - l i t e r  food s to ra g e  bag was s e a le d  w ith  10 grams o f  a le a d  
s a l t .  P ro v is io n  was made fo r  f i l l i n g  w ith  p u r i f ie d  a i r  and sam pling 
by th e  system . T his bag su b seq u e n tly  appeared  to  c o n ta in  a  m easurab le  
vapor phase c o n c e n tra t io n . A ll  f u r t h e r  e x p e rim e n ta tio n  employed th e  
f iv e  l i t e r  b a g s . The sam pling se tu p  can be seen  in  f ig u re  26.
The m echanics o f  m easuring  th e  vapo r p re s su re  o f a s a l t  were v e ry  
s im p le . The compound o f  i n t e r e s t  (10-20 gram s) was p laced  in  th e  5 
l i t e r  p l a s t i c  b ag . The bag was th en  co m p le te ly  se a le d  e x ce p t f o r  a 
g la s s  tube  connected  v ia  p l a s t i c  tu b in g  to  th e  a to m iz e r . The a to m ize r 
vacuum pump th e n  drew th e  sample a t  a  r a t e  o f  50 cc/m in f o r  10 m in u te s .
A bsorp tion  s ig n a ls  were o b ta in ed  f o r  ev e ry  compound t e s t e d .  Those 
producing  th e  m ost s i g n i f i c a n t  q u a n t i t ie s  o f  v o l a t i l e  le a d  were FbO, 
Pb02* Pb^O^j FbClgj FbBrg* Pb(Ac)2 j FbCO^, PbSO^, and even Fb m e ta l 
( f ig u re  2 7 ). Hot a l l  o f  th e s e  a b so rp tio n  s ig n a ls  were e a s i l y  o b ta in e d , 
how ever. In  th e  cou rse  o f  th e se  ex p e rim e n ts , some compounds had to  be 
shaken v ig o ro u s ly . Lead m e ta l had to  be c lean ed  w ith  o rg an ic  s o lv e n ts
FIGUHE 26
T his f ig u r e  i l l u s t r a t e s  th e  components and equ ip ­
ment used in  th e  m a jo r i ty  o f th e  vapo r p re s su re  
s tu d ie s .
The c le a n  a i r  supp ly  i s  th e  same p u r i f ie d  a i r  
system  p re v io u s ly  d e sc r ib e d  (and i l l u s t r a t e d  in  
f ig u re  2 5 ).
The le a d  s a l t ,  ap p ro x im ate ly  10-20 gram s, was 
p lac ed  in  th e  bag w hich v/as th e n  se a le d  and 
f i l l e d  w ith  p u r i f ie d  a i r .  The sy s te m 's  vacuum 
pimp th e n  p u lle d  a sample from th e  bag , th ro u g h  
th e  0 ,0 1  fi f i l t e r  and on to  th e  c o ld  carbon bed . 
The bed i s  th en  h e a te d  t o  atom ize th e  absorbed  
sam ple, and th e  s ig n a l  re c o rd ed .
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and a c id  and th a n  sc raped  -with a k n ife  to  remove th e  oxide su rfa c e  
b e fo re  a s ig n a l  was o b ta in e d .
B. C h a r a c te r is t i c  A bsorp tion  T races O btained  From Lead Compounds
on A c tiv a te d  Carbon
o a r ly  in  t h i s  w ork, a  unique phenomenon was ob serv ed . The 
a b so rp tio n  t r a c e s  o f  th e  le a d  s a l t s  were d i f f e r e n t  from  each o th e r  
and c h a r a c t e r i s t i c  o f  th e  p a r t i c u l a r  le a d  s a l t .  The a b so rp tio n  t r a c e  
o f  le a d  oxide was v e ry  d i f f e r e n t  from le a d  b rom ide, and b o th  were d i f ­
f e r e n t  from le a d  c h lo r id e . T y p ic a l a b so rp tio n  t r a c e s  a re  shown in  
f ig u re  23. I t  appeared  t h a t  d i f f e r e n t  chem ica l forms o f  le a d ,  p ro ­
duced d i f f e r e n t  bonding e f f e c t s  betw een th e  a c t iv e  s i t e s  on th e  c a r ­
bon and th e  in o rg a n ic  v a p o r. T his e f f e c t  produced d i f f e r e n t  ab so rp ­
t io n  t r a c e s  th ro u g h o u t th e s e  ex p e rim e n ts . One m ajor problem  encoun­
te r e d  in  th e s e  s tu d ie s ,  and in  th e  d e te rm in a tio n  o f  am bient m o lecu la r 
le a d  c o n c e n tra tio n s  was th e  s t a t e  o f  a c t iv a t io n  o f th e  carbon bed .
Due t o  th e  l im i te d  supp ly  o f a c t iv e  carbon d is c u s se d  e a r l i e r ,  and 
s in ce  th e  req u irem en t o f  " a c t i v i t y ” by th e  carbon  was th e  b a s i s  f o r  
a l l  vaporous m e ta l e x p e rim e n ta tio n , t h i s  problem  re c e iv e d  s p e c ia l  
a t t e n t io n  a s  a re s e a rc h  p ro je c t  by a n o th e r  member o f  t h i s  r e s e a rc h  
g roup . As a r e s u l t  o f th o se  e f f o r t s ,  a d i f f e r e n t  b rand  o f  a c t iv e  
carbon (from  th e  U ltrac a rb o n  C o rp o ra tio n ) was made a v a i la b le  fo r  
th e s e  s tu d ie s  and some i n t e r e s t i n g  r e s u l t s  n o te d . The " n a tu ra l ly "  
a c t iv e  N a tio n a l Carbon produced unique t r a c e s  f o r  th e  vaporous lea d  
sp e c ie s  a s  i l l u s t r a t e d  e a r l i e r ,  however, " a r t i f i c i a l l y "  a c t iv a te d  
(ozone, N i t r o s y l  c h lo r id e ,  N itro u s  o x id e , Steam , e t c . )  U ltrac a rb a n  
produced t o t a l l y  d i f f e r e n t  a b so rp tio n  t r a c e s  a s  shown in  f ig u re  29-31-
FIGUH3 28
The a b so rp tio n  t r a c e s  o f s e v e r a l  le a d  compounds 
on a c t iv e  carbon a re  shown in  t h i s  f i g u r e .  Each 
t r a c e  v;as c h a r a c t e r i s t i c  o f ,  o r  unique t o ,  th e  
le a d  compound.
To de term ine  th e  q u a n t i ty  o f le a d  found in  th e se  
s tu d ie s ,  a  com parison o f  th e  a re a s  o f th e  le a d  
a b so rp tio n  due to  th e  vaporous sp e c ie s  u a s  made, 
t o  th e  a re a  o f  a l iq u id  s ta n d a rd  in je c te d  on to  a 
h o t carbon bed . These c o n c e n tra tio n s  were d e te r ­
mined by t h i s  method to  b e :
FbCl,
FbBr2
PbO
■2
36 u g /ll^  
3 . 3  u g /tf3  
1 0 .7  ug/ll-3
FIGURE 23
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The c h a r a c t e r i s t i c  peak p r o f i l e s  observed  u sin g  N a tio n a l  Carbon -were 
n o t  o b ta in e d  when U ltra c a rb c n  was u se d .
The bonding s i t e s  on th e  ozone a c t iv a te d  U ltra c a rb c n  a re  known 
to  in v o lv e  oxygen atoms o r c a rb o n " !  fu n c t io n s .  T ills a c t iv a t io n  p ro ­
cess  appeared  to  have produced bonding s i t e s  vihich a re  n e a r ly  id e n ­
t i c a l  i n  n a tu r e .  For t h i s  r e a s o n , th e  a b so rp tio n  t r a c e s  on t h i s  
carbon a re  n o t  u n iq u e , o r  v e ry  d i f f e r e n t ,  f o r  d i f f e r e n t  m e ta l s a l t s .  
S ince th e  n a tu re  o f  a c t iv a t io n  on th e  n a tu r a l l y  a c t iv e  N a tio n a l 
Carbon i s  unknown, th e  n a tu re  o f  th e  bonding s i t e s  i s  a ls o  unknown. 
I t  would a p p e a r, how ever, t h a t  th e r e  a re  s e v e r a l  d i f f e r e n t  ty p e s  o f 
banding  s i t e s ,  w hich may accoun t f o r  th e  unique a b so rp tio n  t r a c e s  
reco rded  f o r  th e  v a r io u s  m e ta l s a l t s .  A lthough th e s e  s ig n a ls  raay 
appear t o  in d ic a te  a la rg e  q u a n t i ty  o f m o lecu la r v ap o r f o r  th e s e  
s a l t s  was dete rm ined  to  be e q u iv a le n t  to  l e s s  th a n  1 figf i f i . How­
e v e r , la rg e  a b so rp tio n  s ig n a ls  f o r  th o se  s a l t s  were sometimes ob­
ta in e d .  The l a r g e s t  reco rd ed  c o n c e n tra tio n  v a lu e s  o b ta in ed  o f th e se  
s a l t s  (ana le a d  m e ta l)  w e re :
PbO = 47-7 PbBr2 = 1 1 .5  Jug/N3
PbCl2 -  1 4 .9  p z M 3 F b (m eta l) = 5
These v a lu e s  were o b ta in e d  by comparing th e  a re a s  o f  th e  ad­
sorbed  vaporous sp e c ie s  to  th e  a b so rp tio n  t r a c e  a re a  o f  a l iq u id  
s ta n d a rd  in je c te d  on to  a  h o t carbon  bed . The method used f o r  th e  
d e te rm in a tio n  o f th e  vapor phase c o n c e n tra tio n  o f le a d  in  th e  p l a s t i c  
bag i s  i l l u s t r a t e d  i n  th e  fo llo w in g  exam ple.
2 f l  o f  a 1  PPM s ta n d a rd  was found to  have an a re a  o f  20 u n i t s .
A 500 cc gaseous sample was drawn from a p l a s t i c  bag and produced an
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area  = 10 u n i t s .
2 o f a 1 x  10~°g/nil standard  = 2 x  10“%  Fb = 20 u n its  
500 cc sample = 1/2000 o f 1 If3 = 10 u n its  
500 cc sample = 1 j  10”%
(500 cc sam ple)(2000 samples/l-1% = g/tf3 
(1 x  10~% ) (2 x  10%i-I3 ) = 2 x  10“6 g/il3 = 2 ^ig/if3 
The e q u iv a le n t vapor p ressu re  may be c a lc u la te d  from th e  vapor 
phase c o n ce n tra tio n  in  th e  fo llow ing  manner:
Assuming th e  sp ec ies  p re se n t i s  PbB ^j fo r  example, the  concen­
t r a t io n  o f PbBr2 may be found by f i r s t  converting  th e  lead  concen tra ­
t io n  to  PbBr2 (the  atomic ab so rp tio n  determ ined lea d  o n ly ).
(2 x  10“%/l-r3 F b )(PbBrg) = 3 .514 *  10~% PbBrq/l-f3
Fb
One mole o f pbB ^  as a gas would occupy 22 .4  l i t e r s  a t  one a t -
3
mosphere p re s su re . One If would co n ta in  44.643 moles FbBr2 or 16,
O
392.6g/ri3 . This i s  e q u iv a le n t to  2 l .5 6 9 g /f  pe r t o r r .  The vapor p re s ­
sure i s  then  equal to :
Vp = (3.544 x  lb"6g/if3 FbBr2)
(21.569g/tf3 / t o r r )  '
Vp — 1.643 x  10~^ t o r r  
These r e s u l t s  produced evidence o f s ig n i f ic a n t  c o n ce n tra tio n s  o f 
m olecu lar le a d  compounds, emanating from Fb s a l t s  and helped exp la in  
th e  la rg e  ab so rp tio n  s ig n a ls  ob tained  in  th e  am bient lead  determ ina­
t io n s  d escribed  in  ch ap ter 1 , which must have come from lead  s a l t s  
an th e  highway.
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C. D e ta n n in a tio n  o f  Vapor P re ssu re  o f Lead S a l t s  Under V arious 
C o n d itio n s
V is ib le  decom position  o f  FoBr^ was observed  in  a bag which 
had been s e a le d  f o r  s e v e r a l  d a y s . From an i n i t i a l  w hite  c r y s t a l l i n e  
powder, th e  PbBr^ had changed in  appearance f i r s t  t o  a d a rk  g rey  th en  
t o  b la c k  co a rse  powder. I t  was a ls o  observed t h a t  t h i s  bag no lo n g e r  
produced a m easurab le  vaporous s p e c ie s .  At t h i s  p o in t  s e v e r a l  e x p e r i ­
m ents were u n d ertak en  to  de te rm ine  th e  e f f e c t  o f  decom position  o f  
s a l t s  cm t h e i r  vapor p re s s u re .  The decom position  may have r e s u l te d  
e i t h e r  from  a h e a t in g  e f f e c t  ( th e  am bient tem p era tu re  was o f te n  
g r e a te r  th a n  90°F) o r  by exposure t o  s u n l ig h t ,  as  th e s e  bags were 
sometimes l e f t  on a ta b le  by a la rg e  window fo r  d a y s .
Lead brom ide on ex h au st p a r t i c u l a t e s  undergoes pho todecom positicn
(70)
t o  le a d  and photobrom ide. Due t o  a l im ite d  q u a n ti ty  o f  th e  le a d
bromide ( i t  was n e c e s sa ry  t o  borrow some from a n o th e r  re s e a rc h  group) 
and th e  f a c t  t h a t  le a d  c h lo r id e  a ls o  undergoes a  s im ila r  ohotodecom -
(71)
p o s i t io n  r e a c t io n ,  le a d  c h lo r id e  was chosen to  t e s t  th e  e f f e c t  o f  
a pho todecom positicn  r e a c t io n  on th e  vapo r p re s s u re .  Lead bromide 
was used to  t e s t  th e  tem p era tu re  dependence o f th e  vapor p re s su re  a t  
room tem p era tu re  and s l i g h t l y  above,
1 . E f f e c t  o f  tem p era tu re  cn th e  v apo r p re s su re  o f  F b B ^  
Large changes in  tem p era tu re  produced s ig n i f i c a n t  
changes in  th e  vapor p re s su re  o f compounds. T h is tem p era tu re  depen­
dence o f  th e  v ap o r p re s su re  a t  low te m p e ra tu re s , such a s  room tem per­
a tu r e ,  i s  n o t  known, a s  th e  vapo r p re s su re  o f m ost m e ta l s a l t s  canno t 
be m easured e f f e c t i v e l y  a t  th e s e  te m p e ra tu re s . A r a th e r  la rg e  change
i l l
i n  tem pera tu re  f o r  humans i s  95°^ (35°C) t o  32°? (0°C ). However, cn 
th e  a b so lu te  (K elv in) sc a le  t h i s  change i s  n o t  v e ry  s ig n i f ic a n t  
(308°K-273°K) f o r  s u b s t i tu t io n  in to  t y p ic a l  vapor p re ssu re  fo rm u las, 
as in  th e  fo llo w in g  eq u a tio n  c i te d  e a r l i e r :
10g10P = (-0 .2135  A/°K) +3 
where A, and. B a re  c o n s ta n ts  fo r  a tem p era tu re  range .
The e f f e c t  an th e  vapor p re ssu re  o f such a sm all tem pera tu re  
change as 0°-*100°C (o r 273°K -*373°C0 by t h i s  fo rm ula , was n o t  ex­
pected  to  be v e ry  la r g e .  To m easure th e  e f f e c t  o f sm all tem pera tu re  
changes, PbBr2 was added to  a 5 l i t e r  bag which was shaken v ig o ro u s ly . 
I t  was th en  p laced  in  a c o n s ta n t tem p era tu re  w a te r b a th  and n o t d i s -  . 
tu rb e d  f o r  a t  l e a s t  two h o u rs . Samples were th en  taken  from th e  bag 
as th e  tem p era tu re  was slow ly  r a is e d .  The r e s u l t s  a re  shown in  
f ig u re  32 . There was no s ig n i f ic a n t  in c re a s e  i n  th e  r e s u l ta n t  ab­
so rp tio n  t r a c e  u n t i l  a tem pera tu re  o f  74°C was reach ed . There was 
some ap p aren t d is c o lo r a t io n  o f  th e  le a d  bromide p o s s ib ly  in d ic a t in g  
t h a t  same th erm al decom position re a c t io n  had o ccu rred . F u rth e r  
a ttem p ts  to  o b ta in  m o lecu la r s ig n a ls  from t h i s  bag were f r u i t l e s s .
T his d a ta ,  in d ic a t in g  decom position , was n o t  expected  as th e  m eltin g  
p o in t  o f PbBr^ i s  373°C, However t h i s  m e ltin g  p o in t  i s  determ ined  by 
ex p erim en ta tio n  w ith  n e a r ly  p e r f e c t  c r y s t a l s .  The d e v ia tio n  in  vapor 
p re ssu re  o f im p e rfec t c r y s ta l s  from c a lc u la te d  v a lu e s  w i l l  be d is c u s ­
sed in  some d e t a i l .
Due to  th e  l im ite d  q u a n ti ty  o f F bB ^ a v a i la b le ,  and s in ce  i t  
appeared  w e ll  s u i te d  fo r  f u r th e r  e x p e rim e n ta tio n , a sm all q u a n ti ty  
was produced v ia  th e  fo llo tiin g  r e a c t io n :
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FIGUTJ3 32
T his f ig u re  i l l u s t r a t e s  th e  e f f e c t  o f tem pera tu re  
on th e  vapor p re ssu re  o f FbBx^. This e f f e c t  i s  shown 
in  th e  sequence o f sam pling.
A pproxim ately 20 grams o f P bB ^  were added, t o  a 5 
l i t e r  p l a s t i c  hag which was p laced  in  a c o n s ta n t 
tem p era tu re  h a th .  The fo llow ing  s e r ie s  was perform ed:
1) th e  background o f  th e  carbon bed on a norm al 
h e a tin g  cyc le  w ith  no sam ple.
2) th e  a b so rp tio n  t r a c e  r e s u l t in g  from th e  atom i­
s a t io n  o f a 500 cc sample taken  from th e  bag 
which was a t  31°C (am bient c o n d itio n s )
3) th e  vapor g iven  o f f  a t  60°C
4) th e  vapor g iven  o f f  when th e  b a th  was allow ed
to  co o l to  room tem pera tu re  (31°C).
5) th e  vapor g iven  o f f  a t  74°C ( th is  was th e  maximum 
tem pera tu re  th e  h e a tin g  elem ent used could  
r a i s e  th e  tem pera tu re  o f  t h i s  la rg e  w a ter b a th ) .
6) th e  vapor g iven  o f f  a f t e r  th e  bag was allow ed to
re tu rn  to  room tem p era tu re  ( th e re  was v i s ib le  de­
com position in  th e  b a g ) .
7) th e  vapor given o f f  a t  th e  maximum tem pera tu re  by 
t h i s  h e a tin g  elem ent -  74°C, rep e a te d  ( v is ib le  de­
com position o f th e  Pblh^ in  th e  b a g ) .
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Pb(JJ03 ) 2 -S- KBr-#-PbBr2 -r 2IflI0^
(0.32-1) (0.31-1)
The r e s u l t s  ob tained  in  subsequent experim ents using  t h i s  f r e s h ly -  
made PbBi’2 in d ic a te d  much lower q u a n ti t ie s  o f PbBr^ vapor were p re ­
se n t compared to  th e  co n ce n tra tio n s  observed fo r  th e  com m ercially 
p repared  compound. This was probably  due to  th e  form ation o f  more 
uniform ly  s tru c tu re d  c ry s ta ls  from the  d i lu te  so lu tio n s  mixed to ­
g e th e r . The appearance o f th e  freshly-m ade compound was d i f f e r e n t  
from the  com m ercially prepared  c r y s ta l s .  The f re s h ly  made c ry s ta l s  
were very  sm all and s im ila r  in  appearance, whereas th e  com m ercially 
p repared  c ry s ta l s  were l a r g e r ,  c o a rs e r , and i r r e g u la r  in  appearance. 
A ttem pts to  in c re a se  th e  vapor p ressu re  of th e  f r e s h ly  made compound, 
by g rin d in g , were n o t su c c e s s fu l.  G rinding th e  com m ercially p re ­
pared c r y s t a l s ,  however, d id  in c re a se  t h e i r  vapor p ressu re  fo r  a 
b r i e f  pe riod  o f tim e , p o ss ib ly  by in c re a s in g  the  number o f f r a c tu re s  
on th e  su rfa c e .
2 , The e f f e c t  o f su n lig h t exposure on the  vapor p ressu re  
o f PbClg
To t e s t  th e  e f f e c t  of su n lig h t  on th e  vapor p ressu re  
of lead  s a l t s  approxim ately  10 grams of PbClg were p laced  in  each of 
f iv e  bags which were then  se a le d . These bags were then  f i l l e d  w ith  
p u r if ie d  a i r  and p laced  in  b r ig h t  su n lig h t car a h o t , c le a r  day on a 
balcony of th e  sampling s i t e  b u ild in g . I n i t i a l  backgrounds on the  
in strum en t were run in c lu d in g  th e  f i l l e r  a i r .  A bag was then  brought 
i n  every  30 m inutes and a 500 cc samples analy sed . The r e s u l t s  a re  
shown in  f ig u re  33*
FIGUE3 33
T his f ig u re  i l l u s t r a t e s  th e  e f f e c t  o f  s u n l ig h t  
exposure on th e  v ap o r phase c o n c e n tra tio n  o f 
F b C ^ . A pproxim ately  15-20 grains o f PbClg were 
added to  fiv e*  5 l i t e r  p l a s t i c  bags w hich were 
th e n  se a le d  and p laced  in  d i r e c t  s u n l ig h t .  A 
bag was th en  an a ly zed  ev ery  30 m inu tes t o  d e te r ­
mine th e  c c n c e n tra t io n  o f th e  PbClg i n  th e  vapor 
p h a se .
A sm a ll in c re a s e  i n  c o n c e n tra tio n  was n o ted  a f t e r  
one h a l f  hour o f  s u n l ig h t  exposu re . The concen­
t r a t i o n  r a p id ly  in c re a s e d  as m easured a f t e r  one 
hour o f  s u n l ig h t  e x p o su re . Subsequent vapo r phase 
c o n c e n tra tio n s  vie re  th en  observed to  s t e a d i ly  de­
c re a se  w ith  c o n tin u ed  exposure to  s u n l ig h t  ( a t  1 .5  
h o u rs , 2 h ou rs and 2 .5  h o u rs ) .
There appeared  t o  be some decom position  o f  th e  FbCl 
c r y s t a l s  from  w h ite ,  and f r e e  f lo w in g , t o  y e llo w ish  
w h ite  in  appearance w ith  a tendency  t o  cake cn th e  
w a lls  o f  th e  p l a s t i c  bag .
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EFFECT OF SUNLIGHT EXPOSURE 
ON THE VAPOR PRESSURE 
OF PbCI2
FIGURE 33
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There was an i n i t i a l  in c re a s e  in  th e  vapor p re s su re  over th e  
■background n o te d  a f t e r  30 m inu tes o f  ex p o su re . The c o n c e n tra tio n  
in  th e  vapo r phase was observed  t o  in c re a s e  to  a v e ry  la rg e  s ig n a l  
a f t e r  60 m inu tes o f s u n l ig h t  ex p o su re . The vapo r phase c o n c e n tra ­
t io n  th en  was observed to  d e c re a se  n o t ic a b ly  f o r  subsequen t m easure­
m ents 30 m inu tes a p a r t ,  u n t i l  th e  l a s t  bag was t e s t e d  a f t e r  2 g 
hours o f  s u n l ig h t  exposu re .
These d a ta  in d ic a te d  a r a t h e r  ra p id  pho todecom positicn  r e a c t io n
o f  th e  le a d  c h lo r id e , Lead c h lo r id e  i s  known to  undergo a p h o to -
(72)
decom position  r e a c t io n ,  b u t t h i s  e f f e c t  may have been enhanced 
s l i g h t l y  by h e a tin g  a s  th e  am bient te m p e ra tu re s  cn th e  ba lcony  un­
d o u b ted ly  exceeded 95°F (35CC ). T his h e a tin g  e f f e c t  should  n o t  be 
as g r e a t  f o r  FbClg as was observed  f o r  PbBr^. The m e ltin g  p o in t  
o f  PbCl2  i s  501°C as opposed t o  373 °C f o r  PbBr^.
There was a ls o  ,a v i s i b le  change i n  th e  le a d  c h lo r id e  c r y s t a l s  
in  th e  bags from  w h ite ,  f re e - f lo w in g  g ra n u la r  c r y s t a l s  t o  a  y e llo w is h -  
w h ite  powder t h a t  tended  to  cake on th e  w a lls  o f  th e  b a g s . These 
two o b se rv a tio n s  (vapor p re s s u re  in c re a s e  and v i s i b l e  decom position ) 
le d  to  th e  c o n c lu s io n  t h a t  le a d  h a l id e s  cou ld  undergo e x te n s iv e  p h o to - 
decom position  r e a c t io n s  under norm al am bient c o n d it io n s ,  g r e a t ly  i n ­
c re a s in g  t h e i r  v apo r p re s s u re ,
3 . Photodecom position  o f  le a d  s a l t s  by la b o i 'a to ry  l i g h t  
P ho todecom position , o r some o th e r  s im i la r  mechanism 
which could  perm anen tly  d e c rea se  th e  vapor p re s su re  c o n c e n tra tio n  was 
a ls o  observed fo r  bags n o t  exposed d i r e c t l y  t o  s u n l ig h t .  Even w ith o u t 
a  d i r e c t  exposure i n  th e  s u n l ig h t ,  t h i s  d e c re a se  i n  vapor phase
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c o n c e n tra tio n  cou ld  be severe  A lm ost t o t a l  l o s s  o f  s ig n a l  a f t e r  fo u r  
days to  a v/eek). Lead bromide vras p a r t i c u l a r l y  s u s c e p t ib le  to  room 
l ig h t in g  ( f lu o re s c e n t)  pho todecom position ; f o r  exam ple, i n  one s e t  
o f  b a g s , n o t  exposed d i r e c t l y  to  s u n l ig h t  th e  fo llo w in g  lo s s e s  in  
m o lecu la r v ap o r v;ere reco rd ed  a f t e r  fo u r  d a y s :
FbBr2  90% d ec rea se  in  v ap o r phase c o n c e n tra tio n
PbCl^ 67Jo d ec rea se  in  v ap o r phase c o n c e n tra tio n
PbO 50% d e c re a se  in  v apo r phase c o n c e n tra tio n
4 . Net lo s s  i n  vapor phase c o n c e n tra tio n  o f  le a d  s a l t s
due to  a " p la t in g  o u t"  e f f e c t
L oss in  vapor phase c o n c e n tra tio n  o f  th e  le a d  s a l t s  
cou ld  have been th e  r e s u l t  o f  many f a c to r s .  One such f a c to r  was a 
" p la t in g  o u t"  e f f e c t  on th e  w a lls  o f  Tygon ( p l a s t i c )  tu b in g . D uring 
some e a r l ; '- ex p e rim e n ts , a c o n s id e ra b le  le n g th  ( — 1 m eter) o f  p l a s t i c  
tu b in g  was used to  connect th e  p l a s t i c  bags w ith  th e  sam pling head o f  
th e  q u a r ts  a to m iz e r . T h is g r e a t ly  d ecrea sed  th e  s ig n a ls  o b ta in e d , 
and a l l  subsequen t experim en ts v/ere designed  to  employ an a b so lu te  
minimum le n g th  o f  p l a s t i c  tu b in g  between th e  bag c o n ta in in g  th e  
le a d  s a l t  and a to m ize r c e l l ,  when t h i s  p la t in g  ou t e f f e c t  was ob­
se rv ed , a  q u e s tio n  a ro se  o f p o s s ib le  p la t in g  o u t on th e  p l a s t i c  bag 
i n t e r i o r  su rfa c e  by th e  vaporous s p e c ie s .
To de te rm ine  th e  e x te n t  o f  t h i s  problem , s e v e ra l  p re v io u s ly  used 
bags were r e f i l l e d  w ith  a f r e s h  su p p ly  o f  le a d  3 a l t  and th e  vapor con­
c e n t r a t io n s  reco rd ed  ( f ig u re  34)* For th e  le a d  h a l id e s ,  a somewhat 
l a r g e r  s ig n a l  was o b ta in ed  a f t e r  r e f i l l i n g ,  th a n  b e fo re . There was 
a l e s s  n o t ic e a b le  e f f e c t  on le a d  o x id e . A t h i r d  r e f i l l i n g  produced
119
FIGUE3 3 4
T his f ig u re  shows th e  e f f e c t  o f p la t in g  out 
on. th e  i n t e r i o r  w a lls  o f  th e  p l a s t i c  bags. 
S e v e ra l p re v io u s ly  used bags were r e f i l l e d  
w ith  a f re s h  supp ly  o f le a d  compound allow ed 
to  e q u ilib riu m  f o r  a t  l e a s t  an hour and th e  
vapor phase con cen t r a t i  an. was determ ined b e fo re  
and a f t e r  f i l l i n g .  There appeared to  have been 
some e q u ilib r iu m  was reach ed . F u rth e r  r e -  
f i l l i n g s  produced th e  same r e s u l t s .
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FIGURE 34
PbBr,
P b C L
P b O
b e fo re  .
4.1 ug/m3
123%  INCREASE FOR Pb8r2  AFTER REFILLING
1 7 6 %  INCREASE FOR PbCI2  AFTER REFILLING
5 6 %  INCREASE FOR PbO AFTER REFILLING
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i d e n t i c a l  r e s u l t s  w ith  th e  second r e f i l l i n g .  These d a ta  may in d ic a te  
a p o s s ib le  e q u il ib r iu m  betw een th e  vapor c o n c e n tra tio n  and th e  w a lls  
o f  th e  bag which were in v a r ia b ly  co a ted  w ith  th e  s a l t  a s  a  r e s u l t  o f 
shak ing  th e  bags to  fragm ent th e  c r y s t a l s  and in c re a s e  t h e i r  v apo r 
p re s s u re . F u r th e r  d e c re a se s  i n  vapo r phase c o n c e n tra tio n s  over a 
p e rio d  o f  weeks may have been due t o  a  com bination  o f s e v e ra l  f a c ­
to r s  in c lu d in g  th e rm a l decom position  and p ho todecom position , a s  w e l l  
a s  p la t in g  o u t e f f e c t .
I t  was a ls o  observed  t h a t  n o t  a l l  p l a s t i c s  removed vaporous 
sp e c ie s  a s  p o ly e th y len e  p l a s t i c  tu b in g  co n n ec tio n s  betw een th e  bags 
and th e  a to m ize r c e l l  d id  n o t  d e c re a se  th e  m easured c o n c e n tra tio n  
( re g a rd le s s  o f th e  le n g th  o f  th e  t u b in g ! ) .  T his p a r t i c u l a r  e f f e c t  
had been a ls o  n o te d  i n  th e  a lk y l  le a d  m an u fac tu rin g  in d u s t r y ,  a s 
th e  s ta n d a rd  le a d  atm ospheres d e sc r ib e d  e a r l i e r  were employed u sin g  
p o ly e th y len e  tu b in g  to  connec t a l l  ro ta m e te rs ,  and th e  measurement 
in s tru m e n t. The s t r u c tu r e  o f  th e  p l a s t i c  may p la y  an im p o rta n t r o le  
in  th e  p la t in g  e f f e c t .  The c r y s t a l  s t r u c tu r e s  o f  some p l a s t i c s  may 
p rov ide  a  su r fa c e  which cou ld  i n t e r a c t  w ith  and t r a p  gaseous sp e c ie s  
in  th e  a i r  s tre am . O ther p l a s t i c s  may n o t  have a  w e l l  d e fin e d  c ry ­
s t a l  s t r u c tu r e  w ith  a  su rfa c e  t h a t  cou ld  t r a p  gaseous s p e c ie s .
D. D e te rm in a tio n  o f th e  E f f e c t  o f  C ry s ta l  " F a u lts "  an th e  
Vapor P re ssu re  o f M eta l Compounds
The la rg e  m o le cu la r s ig n a l s ,  w hich had been o b ta in ed  from  
vai-ious le a d  compounds, h e lped  to  s u b s ta n t ia te  th e  m o lecu la r le a d  in  
a i r  d a ta  d isc u sse d  e a r l i e r  by p ro v id in g  a  source from  which th e  
am bient m o lecu la r sp e c ie s  could  be d e r iv e d . The q u a n t i t i e s  found
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were much h ig h e r th a n  p re d ic te d  v a lu es  c a lc u la te d  from vapor p re s ­
sure fo m u la s .  These c a lc u la te d  v a lu es  a re  n o t  s ig n i f i c a n t , however, 
due to  th e  la rg e  e x tra p o la t io n  in  tem pera tu re  in v o lv e d . N e v e rth e le ss , 
some th e o r e t i c a l  background would seemed to  be re q u ire d  to  e x p la in  
th e  s ig n i f ic a n t  vapor p re s su re s  reco rd ed .
One p o ss ib le  e x p la n a tio n  developed from work in  s o l id - s t a t e
(73-74)
physics by Crawford and S i l f k in ,  i n  which d e fe c ts  in  th e  c ry ­
s t a l  s t ru c tu re  o f  s o l id s  were observed to  d ecrease  th e  l a t t i c e  energy 
fo r  atoms n e a r  th e  f a u l t ,  by approx im ate ly  o n e -h a lf .  According to
(75)
Craw ford:
l in e a r  o r p la n a r  d e fe c ts  w ith in  th e  c r y s t a l  can provide 
p a th s f o r  e a s ie r  and more ra p id  d i f f u s io n .  Thus, a long  boundaries 
between c r y s ta l  g r a in s ,  on th e  e x te rn a l  s u r fa c e s , and a long  th e  
l in e a r  d e fe c ts  known a s  c r y s t a l  d i s lo c a t io n s ,  th e  atom ic r e g u la r i ty  
i s  in te r ru p te d  and b in d in g  e n e rg ie s  a re  c o rre sp o n d in g ly  d ec rea sed .
As a r e s u l t ,  th e  a c t iv a t io n  energy fo r  d i f fu s io n  i s  lo c a l ly  sm a lle r  
and th e  d if fu s io n  c o e f f ic ie n ts  a re  th e re fo re  l a r g e r \ one speaks o f 
a s h o r t - c i r c u i t in g  e f f e c t .  Along d is lo c a t io n s  and in te r n a l  boundaries 
th e  d if fu s io n  a c t iv a t io n  energy  i s  t y p ic a l ly  on ly  about h a l f  t h a t  
f o r  d if fu s io n  w ith in  th e  b u lk  c r y s t a l ,  and s h o r t - c i r c u i t in g  c o n t r i ­
b u tio n s  become e s p e c ia l ly  im p o rtan t a t  tem p era tu re s  below about h a l f  
o f th e  m e ltin g  p o in t ."
A s e r ie s  o f c a lc u la t io n s  was made to  in v e s t ig a te  th e  p o ss ib le  
e f f e c t  o f a re d u c tio n  by one h a l f  in  th e  l a t t i c e  energy , cn. th e  vapor 
p re s s u re , o f  s e v e ra l  e lem ents and compounds.
1 . Comparison of th e  vapor p re s su re  o f p a ir s  o f e lem ents 
whose l a t t i c e  e n e rg ie s  d i f f e r  by 50%
The l a t t i c e  e n e rg ie s  (AH ^) o f  s e v e ra l  elem ents were 
d iv id ed  by two and th e se  v a lu e s  were matched w ith  th e  n e a re s t  l a t t i c e  
energy va lue  o f  an o th e r e lem en t. These two elem ents c o n s t i tu te d  a  p a ir  
w ith  one elem ent having  a l a t t i c e  energy  one h a l f  o f  th e  o th e r . The 
vapor p re ssu re s  o f th e  r e s u l t in g  p a ir s  o f elem ents were c a lc u la te d
u sing  data from the CEC Handbook o f  Chemistry and P h y sic s , fo r  a 
temperature w ith in  the range given  for  con stan ts in  vapor pressure  
formulae such as the one given p rev io u sly  (equation 1 ) .  The re ­
s u l t s  are l i s t e d  in  ta b le  3* The- e f f e c t  on th e  vapor pressure o f  
reducing the l a t t i c e  energy by one h a l f ,  was very  n o tic e a b le  even  
at h igh  tem peratures. The n e t e f f e c t  o f t h i s  change in  l a t t i c  
energy was an in crea se  in  vapor pressure between 10^ and 10° t im e s . 
This e f f e c t  would be expected  t o  be even more pronounced a t  lower 
tem peratures, because temperature i s  r e a l ly  a measure o f  the aver­
age k in e t ic  energy o f  the substance. As the temperature of a sub­
stance i s  decreased , there i s  l e s s  energy a v a ila b le  a t  the surface  
fo r  an atom or m olecule to  overcome the l a t t i c e  energy hold ing the  
p a r t ic le s  to g e th er .
2 . Comparison o f  the e f f e c t  o f d ecreasin g  l a t t i c e  energy  
o f elem ents a t d if fe r e n t  tem peratures 
The ex trap o la ted  e f f e c t  o f temperature on the vapor 
pressure o f  th ree  elem ents -  cadmium, lead  and palladium  are com­
pared in  ta b le  4* The l a t t i c e  energy o f  lead  i s  4^*34 kcal/m ole  
which i s  g th a t o f  palladium  (93 k c a l/m o le ). The l a t t i c e  energy o f  
cadmium (26 .97  k ca l/m ole) i s  g th a t o f  lead  (46 .34)*  The r e su lt in g  
e f f e c t  on the vapor pressure by decreasin g  the l a t t i c e  energy, v ersu s  
tem perature, i s  dem onstrated. As the l a t t i c e  energy decreased a t  a 
constant tem perature, the vapor pressure in crea sed . This e f f e c t  be­
came more pronounced as the temperature decreased (a lower l a t t i c e  
energy a llow s more atoms or m olecules to  escape in to  the gaseous s t a t e ,  
a t  a g iven  tem perature) ,
TABL3 3
This ta b le  i l l u s t r a t e s  th e  e f f e c t  on the vapor 
pressure o f  decreasing  th e  l a t t i c e  energy o f an 
elem ent by one h a l f .  This approximates the  
l a t t i c e  energy o f  atoms or m olecules near a 
" fa u lt” or im p erfection  in  the c r y s ta l  stru ctu re  
o f a substance.
The p a irs  o f elem ents were derived by d iv id in g  
the l a t t i c e  energy (^H ^) o f  the f i r s t  elem ent 
by two and comparing t h i s  number to  the n ea rest  
comparable l a t t i c e  energy o f  another elem ent 
(the second elem ent in  each p a ir ) . The vapor 
p ressu res were then c a lcu la ted  a t  a temperature 
a t which handbook vapor pressure con stan ts are 
a v a ila b le  (comparison tem perature). The vapor 
pressu res fo r  th e  elem ent and th a t emperatura 
are then l i s t e d .  The d iffe r e n c e  in  the vapor . 
pressure o f  the two elem ents in  the p a ir  may then 
then be compared to  the change in  vapor pressure  
th a t would r e s u lt  fo r  atoms or m olecules near a 
fa u lt  in  a c r y s ta l  (change in  vapor p ressu re ).
The ex tra p o la tio n s used t o  co rrec t fo r  th e  sm all 
temperature d iffe r e n c e s  were sm all so as t o  avoid  
p o ss ib le  errors in  the th e o r e t ic a l  c a lc u la t io n s .
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ELEMENTS
A1
Li
75
37 .07
l/2 « H f
37-5
TABL3 3
889
890
Vaoor Pres_(rmn)
io-3
10
Change
l Q k
Sb 6 0 .8 30 .1* 595 10"k c
2n . 31.19 590 10 IO-3 ■
W 201.6  ' .1 0 0 .8 2767 10-* 2
Co 105 2760 1*00
10
W 201.6 1 0 0 .8 2767 1 0 ^
Fe 9 6 .6 8 2750 . 760 . 106
Au 82.29 1*1 .11*5 1316 10"3
Ba i n .  9 6 1300 100
10'7
Fe 9 6 .6 8 1*8 . 31* 11*1*7
CVJtOH
it
Bi ^9 -7 11*50 1*00
10^
Mn 6 8 . 31* 3^ .17 1103 10 "1 I*
Mg 35 .9 1110 760
10*
Pd 93 1*6 .5 1271 10"* £
Bi ^9-7 1280 100 10°
Pd 93 1*6 .5 1156 e 1 £
Pb k 6 .3 k 1160 10 10°
Pt 121 .6 6 0 .8 17¥* 10-^ c
Sb 6 0 .8 1750 760 10°
Pt 121 .6 60 .8 2090 -2  10 * L
In 5 8 .2 2080 760 10
Pb 1*6 . 31* 23.17 1*83 1 0 '5 C
Cd 26.97 1*86 10 10°
EFFECT OF DECREASING THE LATTICE ENERGY BY ONE-HALF 
ON THE VAPOR PRESSURE
TaBLS 4
T his ta b le  g iv es  a com parison o f th re e  elem ents 
(Pd, Pb and Cd) v iith  l a t t i c e  e n e rg ie s  ( AH^) o f 
th e  fo llo w in g  r e la t io n s h ip :
Pd Pb Cd
2 AHf  *Hf  g AHf
A com parison o f th e  vapor p re ssu re  o f th e se  e le ­
m ents in  a s e r i e s  o f in c re a s in g ' tem p era tu re s  i s  
g iv e n , to  i l l u s t r a t e  th e  ro le  th e  l a t t i c e  energy 
p lay s  cm th e  vapor p re s s u re . At h ig h  tem p era tu res  
(o r h ig h  average k in e t ic  energy) th e  l a t t i c e  energy 
b eg in s  to  have a g r e a te r  a f f e c t  cn th e  vapor p re ssu re  
T h is e f f e c t  becomes in c re a s in g ly  e v id e n t as th e  tem­
p e ra tu re  d e c re a s e s . At room te m p e ra tu re , d ec rea sin g  
th e  l a t t i c e  energy  by one h a l f  changed th e  vapor p re s  
3u re  as much a s  20 o rd e rs  o f m agnitude.
TEMPERATURE P a lla d iu m
298°K (25°C) 7 . 4x io " 5T
323°K (5 0 °c ) 7.4X10’ 52
373°K ( io 6 ° c ) 7 . 2X10 - ^
523°K (250°c ) 4.5X10“29
773 °K (500°C) 3 .6X10
1023°x  (75 0 °C) 4.5X10"11
1273°K (1000°C) 2 .2 X 1 0 'T
2773°x  (2500°C) 1.3X105
5273°K ( 5000°C) 1 .4X10^
N et Chanse i o 61
L a t t i c e  Energy 2AH^
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4
Lead 
3 .2X lC f25
9.8X 10"25
9.3XLO-19 
-112.2X10 
1.8X 10"5 
2.0X10- 2  
1 .4 5
4
1.1X10 
3.5X105
10^°
Cadmium
2.2X10-1 1
6.8X10"10
5 .H 1 0 '7
6.6X10"5
1 3 .6
6.3X102
6.5X103
1.1X106
9.1X106
l / 2AHf
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3* "E ffect on th e  vapo r p re s su re  o f d e c re a s in g  th e  l a t t i c e  
energy
The p rev io u s  s e r i e s  o f c a lc u la t io n s  i l l u s t r a t e d  th e  
e f f e c t  on th e  vapo r p re s su re  o f  d e c re a s in g  th e  l a t t i c e  energy  a t  
v a r io u s  te m p e ra tu re s . The low tem p era tu re  (<500°K) vapor p re s s u re s  
were c a lc u la te d  v a lu e s  and n o t  based  cm experim en ted  v a lu e s .  For 
t h i s  r e a s o n , th e s e  v a lu e s  a re  s u b je c t  to  e r r o r .  T h is  vapor p re s su re  
l a t t i c e  energy  e f f e c t  can be more c l e a r l y  i l l u s t r a t e d  by a com parison 
o f th e  vapor p re s s u re s  o f a s e r i e s  o f  e lem ents w ith  s t e a d i ly  d e c re a s ­
in g  l a t t i c e  e n e rg ie s .  For t h i s  com parison Rhodium was chosen a s  r e ­
p re s e n tin g  AHf = lOOJo. Rhodium 's l a t t i c e  energy  was th en  d e c re a se d  
in  a  s e r i e s  o f  10,^ s te p s  and th e s e  v a lu e s  were m atched w ith  th e  n e a r ­
e s t  v a lu e  o f a n o th e r  e lem en t. The s e r i e s ,  and th e  e f f e c t  on th e  
vapor p re s s u re ,  a t  2000°K, i s  g iven  i n  ta b le  5* These d a ta  in d ic a te d  
t h a t ,  f o r  an o rd e r  o f  m agnitude d e c rea se  in  l a t t i c e  energy  (100^ •+10%), 
th e  r e s u l t i n g  v apo r p re s su re  in c re a s e d  by te n  o rd e rs  ox m agnitude
(10 4- mm-*106 mm)! I t  should  be em phasised t h a t  th e s e  vanor o re s su re
(76) '
v a lu e s  w ere based  an e x p e rim e n ta l handbook c o n s ta n ts ,  and a re  n o t  
t h e o r e t i c a l  c a l c u l a t i o n s .
The e f f e c t  on th e  vapor p re s su re  in  a s e r i e s  o f  d e c re a s in g  AH^ 
v a lu e s  v e rs u s  tem p era tu re  r e l a t i o n s h ip  i s  g iv en  in  ta b le  6 , which 
i l l u s t r a t e s  b o th  th e  e f f e c t  o f  d e c re a s in g  AH^ on v apo r p re s s u re , and 
th e  e f f e c t  o f  tem p era tu re  on vapor p re s s u re .
4 . E f f e c t  an th e  vapor p re s su re  o f  d e c re a s in g  th e  l a t t i c e  
energy  o f  m e ta l compounds
C a lc u la tio n s  w ith  th e  vapor p re s su re  o f  m e ta l l ic  com­
pounds d id  n o t  co rrespond  to  th o se  o b ta in ed  w ith  th e  e lem en ts . The
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This ta b le  d e sc r ib e s  th e  e f f e c t  o f d e c rea s in g  
th e  l a t t i c e  energy cn th e  vapor p re s s u re .  To 
i l l u s t r a t e  t h i s  e f fe c t . ,  Rhodium -was chosen to  
re p re s e n t  = 100$. The o f Rhodium = 133. 
This v a lu e  was th en  d ecreased  in  a s e r ie s  o f 10$ 
increm en ts and a t  each p o in t t h i s  ca lc u la te d  
v a lu e  o f  l a t t i c e  energy  decrease  vfas compared to  
an a c tu a l  va lue  of th e  l a t t i c e  energy  o f an o th e r 
e lem ent. The vapor p re ssu re  o f each elem ent in  
th e  s e r ie s  was c a lc u la te d  a t  2000°K u sin g  hand­
book c o n s ta n ts  fo r  th e  vapor p re ssu re  a t  2000°K. 
A one o rd e r o f m agnitude d ecrease  in  th e  l a t t i c e  
energy (100$-►10$) r e s u l te d  in  a 10 o rd er o f 
magnitude in c re a s e  in  th e  vapor p re s s u re .
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TABLE 3
ELEMENT 1 CAL'D ACTUAL TEMPERATURE VAPOR PRES. ('mxnHe)
Rhodium 100$ « * 138 2000°K l.S x io "* 4’
Uranium 90$ 124 125 2000°K -48.2X10 *
Titanium 80$ 110 112 2000°K 5 .7X 10 '3
Iron 70$ 96 9 6 .68 2000°K 5.3X 10 '1
Gold 60$ 83 82 .29 2000°K 2.5X10-1
Silver 50$ 69 6 9 .1 2 2000°K 3.5X101
Sulfur 40 $ 54 53-25 2000°K 8.4X101
Barium 50$ 41 4 1 .9 6 2000°K 1.1X105
Cadmium 20$ £6 26 .97 2000°K 2.1X105
Mercury 10$ 14 14.54 2000°K 1.6X106
EFFECT OF DECREASING THE LATTICE ENERGY IN 10$ STEPS 
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TABL3 6
T h is t a b le  i l l u s t r a t e s  th e  e f f e c t  d e sc r ib e d  in  
t a b le  3 ,  a s  a fu n c tio n  o f  te m p e ra tu re . In  t h i s  
exam ple, T itan ium  was chosen as hav ing  a 100w l a t ­
t i c e  energy  and o th e r  e lem en ts were compared to  
T itan ium  in  a s e r i e s  o f  lO# re d u c tio n s  i n  th e  l a t ­
t i c e  energy . The c a lc u la te d  vapor p re s su re  was 
c l e a r l y  dependent cn th e  l a t t i c e  en e rg y , a s  w e ll  
a s  th e  te m p e ra tu re . The e f f e c t  on th e  v apo r p re s ­
su re  o f  th e  e lem en ts In  th e  s e r ie s  d e c rea se d  w ith  
in c re a s in g  te m p e ra tu re , and in c re a s e d  w ith  d e c re a s ­
in g  te m p e ra tu re .
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ELEMENT 300 °K
TA 3I3 6
1000°K 2000°K 2300 °K 3000°K
T i (112 ) 6 .9XIO"71 -3 8  1.3X 10 J 7A X 10-15 5.7X 10"5 1.37 5.3X101
N i (1 0 1 -6 4 .9XIO' 62 2 . 7X10"55 14. 5X10"12 1.8X10"1 3.7X 101 7.5X 102
La (8 8 ) 1.4X 10"58 7 .o x io " 52 3.4X10"10 2.4X10"2 2 .2 4.6X 101
Ge (78.144) T.IXIO-55 2.2X 10"29 1AX 10"10 3.5X 10"1 2.7X 101 4.8X 102
Ag (6 9 ;1 2 ) 2.4X 10-1*0 -2 19.9X 10 ^ 2 .9 X 1 0 '6 3.5X 101 8.2X 102 5.8X 103
In  (5 8 .2 ) 1 .3X 10-3 5 4 . i x i o “1t 5.9X10"5 8A X 101 1.6X 103 i . ix io 1*
Ca (146.014-) 7.2X 10"21 i . i x i o ' 9 2.1X 10“L 2 AXI03 1.3X 10l4‘ 4.1X 1014'
Mg (3 5 .9 ) 6 .8X 10-1 8 2.1X 10“7 7 -5 3 . 2X1014' 1.7X10^ 5.3X 105
K (2 1 .5 1 ) 2.0X10"8 2 .0 X 1 0 '2 5.3X 102 7.4X10^ 2.0X 105 3.9X 105
Hg (1 4 .5 4 ) 2.2X10 5.8X 101 4.8X 105 1.6X 106 3.4X 106 5 AXlO8
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vapor p re s su re  o f  le a d  as th e  c h lo r id e  should n o t  be compared to  th e  
vapor p re ssu re  o f  cadmium as  th e  c h lo r id e  due to  d if fe re n c e s  in  th e  
c r y s ta l  s t r u c tu r e s  o f th e  compounds. When th e  l a t t i c e  energy o f 
compounds -were compared ( o f elem ent A 's compound to  elem ent B’ s 
compound w ith  a Hj = g o f  A) as b e fo re , c o r r e la t io n s  on p o ss ib le  
l a t t i c e  energy-vapor p re ssu re  e f f e c t s ,  could n o t  be d r a m . O ften th e s e  
c o r r e la t io n s  were n o t  p o ss ib le  due to  th e  d if fe re n c e s  in  th e  c r y s ta l  
s t r u c tu r e s  o f th e  compounds be ing  compared. For exam ple, i f  th e  
brom ides o f  th e  elem ents were compared on th e  vs AHf  +  2 b a s i s ,  a 
dibrom ide maj  ^ have to  be compared to  a tr ib ro m id e  (AlBr^ 125.8 vs 
SbBr2 6 2 .1 ) to  m atch th e  n e a r e s t  e le m e n t 's  compound w ith  th e  c a lc u la te d  
l a t t i c e  energy . Obvious d if fe re n c e s  in  c r y s t a l  s t ru c tu r e  p re ­
cluded any co n c lu sio n s f o r  such com parisons. However, when s im ila r  
m o lecu lar c r y s t a l  s t r u c tu r e s  such as L iC l ( -9 7 .7 )  and T1C1 (-4 8 .9 9 ) 
were compared ( a t  800°K) th e  vapor p re s su re s  d i f f e r e d  by k A  mmHg.
The r e s u l t s  o f  th ese  s e t s  o f c a lc u la t io n s  in d ic a te d  t h a t  c rack s 
o r ’' f a u l t s '1 in  th e  su rfa ce  o f  c r y s ta l s  could  r e s u l t  in  an in c re a s e  in  
many o rd e rs  o f m agnitude by " f a u l t s ’1 in  th e  c r y s ta l s  s t r u c tu r e ,  th en  
th e  r e s u l ta n t  c o n c e n tra tio n s  i n  th e  a i r  would be g r e a t ly  in c re a se d  
compared to  th e  t h e o r e t i c a l  v a lu e s  based on vapor p re s su re s  a t  h igh  
tem p era tu res  when th e  e r ro r s  a re  sm all and could  be measured by th e  
tech n iq u es  and in s tru m en t d e sc r ib e d  h e re .
B. Vapor P re ssu re  R e su lts  O btained from Cadmium Compounds
As d e sc rib e d  e a r l i e r ,  m o lecu lar cadmium c o n c e n tra tio n s  were 
sometimes rec o rd ed . Although th e  source o f  t h i s  vaporous sp e c ie s  was 
unknown, a s im ila r  h y p o th es is  o f fau lt-en h a n ce d  c o n ce n tra tio n s  may be
p roposed . To examine t h i s  th e o ry , s e v e r a l  Cd s a l t s  vjere t e s te d  Tor 
m easurable vapor p re s su re s  in  th e  same manner as th o se  t e s te d  f o r  le a d  
and le a d  compounds. As th e s e  were t e s te d  on th e  " n a tu ra lly "  a c t iv e  
n a t io n a l  Carbon, unique a b so rp tio n  t r a c e s  -were a ls o  reco rd ed  ( f ig u re  
35) t h a t  were  c h a r a c t e r i s t i c  o f th e s e  compounds. The t r a c e s  were v e ry  
re p ro d u c ib le .  I t  should  be n o te d , how ever, t h a t  th e  t r a c e  f o r  CdO i s  
n o t  s im i la r  i n  shape to  t h a t  fo r  PbO on th e  same " a c t iv e "  N a tio n a l 
carbon bed . Cadmium s u l f a te  was a ls o  observed  to  be d i f f e r e n t  from 
PbSO^ and C dC ^ was d i f f e r e n t  from  PbCl^ -  a  un iqueness t h a t  may be 
a t t r i b u t a b l e  t o  th e  bonding e f f e c t  o f  th e  " n a tu ra l ly "  a c t iv e  N a tio n a l 
Carbon.
Compounds o f  o th e r  e lem en ts were t e s te d  f o r  m easurab le  vapor 
p re s su re  c o n c e n tra tio n s  w ith  l a s s  su c c e ss . The o n ly  e x ce p tio n  was 
th a l l iu m  c h lo r id e  which c o n s i s te n t ly  produced a sm a ll m easurable s i g ­
n a l  u s in g  th e  s ta n d a rd  5 l i t e r  bag te c h n iq u e . A lthough an e x te n s iv e  
s tu d y  o f  th e  compounds o f  many elem ents was n o t  made, th e re  was a 
good p r o b a b i l i ty  t h a t  a m easurab le  c o n c e n tra t io n , in  th e  vapor p h a se , 
o f v i r t u a l l y  any compound could  be d e le te d  i f  p roper ex p e rim en ta l 
c o n d itio n s  f o r  t h a t  compound could  be d e te rm in ed .
F . D e term ina tion  o f th e  Vapor P re ssu re  o f  Cadmium in  a  Burning 
C ig a re tte
As an a d d i t io n a l  t e s t  o f  th e  a b i l i t y  o f t h i s  in s tru m e n t t o  
measure th e  vapor p re s su re  o f v a r io u s  s p e c ie s ,  th e  m o lecu la r cadmium 
c o n c e n tra tio n  in  th e  s id e s tre a m  smoke o f a bu rn ing  c ig a r e t t e  was 
m easured. The t o t a l  cadmium c o n c e n tra tio n  in  a c ig a r e t t e  i s  a p o ro x i-
(77)
m ate ly  a m icrogram . Of t h i s  a b so lu te  am ount, on ly  a sm a ll
T his f ig u re  i l l u s t r a t e s  th e  unique a b so rp tio n  
t r a c e s  o b ta in ed  on N a tio n a l  Carbon fo r  v a r io u s  
cadmium s a l t s .  I t  shou ld  be n o te d  th a t  th e  
shap9 o f th e  oxide o f cadmium d id  n o t  resem ble 
th e  s im i la r  oxide o f  l e a d .  The same i s  t r u e  
fo r  th e  s u l f a t e s ,  c h lo r id e s ,  e t c .  The a b so rp ­
t i o n  o f m o lecu la r cadmium ( le s s  th a n  0 .0 1  ju in  
s iz e )  from a bu rn ing  c ig a r e t t e  i s  a ls o  g iv e n . 
T his a b so rp tio n  t r a c e  d id  n o t resem ble th e  oxide 
o r h a l id e s  o f  cadmium.
FIGURE 35Cd SALTS
Cd from burning 
cigarette
lIOOOcc
lat 200cc/mih.
z \ 4 %  of total.
0.04 ugym3
Cd
standard
8XIO'"g.CdO
5 0 0 cc
at lOOcc/min 
0.70 ug/m3
Unique abso rp tion  t r a c e s  obtained  fo r  cadmium s a l t s  on ''n a tu ra lly "  a c tiv e  n a tio n a l  carbon
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f r a c t io n  ( le s s  th an  1$>) has been found to  v o l a t i l i s e  du ring  burn ing
(78)
in to  th e  smoke. The r e s t  rem ained in  th e  a sh . In  t h i s  vapo rized
f r a c t io n ,  th e  m a jo r ity  o f th e  cadmium v;as co n ta in ed  in  th e  p a r t i c u la te s  
in  th e  smoke. However, th e  rem aining vapor c o n c e n tra tio n  was s t i l l  
s ig n i f ic a n t  and e a s i ly  m easurab le . The a b so rp tio n  t r a c e ,  when com­
pared to  a l iq u id  s ta n d a rd , in d ic a te d  th a t  th e  c o n c e n tra tio n  o f v o la ­
t i l e  m o lecu lar cadmium was e q u iv a le n t to  b re a th in g  an am bient concen­
t r a t i o n  o f 4-5 jrg /ll^ . This number i s  s ig n i f ic a n t  when compared to  
norm al c o n c e n tra tio n s  o f m o lecu lar cadmium in  am bient a i r  o f 0 .0 1  jug/ri^.
D esp ite  th e  f a c t  t h a t  m o lecu lar cadmium could  n o t  be sampled f r e ­
q u en tly  l ik e  m o lecu la r le a d , th e  cadmium c o n c e n tra tio n s  when m easured 
appeared to  be app rox im ate ly  an o rd e r o f m agnitude l e s s  than  t h a t  of 
le a d . T herefo re  on days which appeared to  be p o l lu te d ,  a ty p ic a l  
m o lecu lar cadmium c o n c e n tra tio n  was app rox im ate ly  0 .1  The
q u a n ti ty  o f m olecu lar cadmium in  one bu rn ing  c ig a r e t t e  -was th e re fo re  
approx im ate ly  th e  same as b re a th in g  45 o f p o llu te d  a i r  (ap p ro x i­
m ately  3 days o f b re a th in g  p o llu te d  a i r ,  based on th e  f a c t  t h a t  the  
average person b re a th e s  15 I'P o f a i r  i n  24 h o u rs ) .
T his d a ta  may have profound im p lic a tio n s  fo r  non-sm okers ex­
posed to  th e  s id e s trea m  from th e  c ig a r e t t e s  o f  sm okers.
H I .  CONCLUSIONS
The co n clu sio n s which may be drawn from d a ta  j u s t  d e sc rib ed  may 
be summarized a s  fo llo w s:
1 . Vapor p re ssu re  form ulae a re  g e n e ra l ly  n o t a p p lic a b le  a t  v e ry  
low te m p e ra tu re .
2 . Every le a d  compound te s te d  had a m easurable co n ce n tra tio n  
in  th e  gaseous phase, a t  room tem p era tu re . ■ T his c o n f l ic t s  w ith
p re d ic te d  (form ula) v a lu e s .
3 . These la rg e  ex p e rim e n ta lly  determ ined vapor p re s su re s  may 
he due to  " f a u l t s ” in  th e  c r y s t a l  s t ru c tu r e  which e f f e c t iv e ly  
r a i s e  th e  vapor p re ssu re  by low ering  th e  l a t t i c e  energy a t  th e  
f a u l t .
4 . R e su lts  ob ta ined  w ith  th e  le a d  s a l t s  in d ic a te d  t h a t  th e  
same f a c to r s  t h a t  a f fe c te d  am bient m o lecu lar le a d  c o n c e n tra tio n s , 
a ls o  a f f e c te d  th e  vapor p re ssu re  o f le a d  s a l t s  In  a s im ila r  way.
5. In o rg an ic  sp e c ie s  em itted  in  autom obile e x h a u s ts , may be a 
d i r e c t  c o n tr ib u tin g  f a c to r  to  th e  le a d  c o n ce n tra tio n s  in  am bient 
a i r .
6 . The unique bonding e f f e c t  o f th e  n a tu r a l ly  a c tiv e  N a tio n a l 
Carbon was n o t d u p lic a te d  by th e  a r t i f i c i a l l y  a c t iv a te d  U l t r a -  
carbon.
7 . Some p l a s t i c s  may remove gaseous m eta l sp e c ie s  by a " p la tin g  
ou t"  e f f e c t .
S. O ther elem ents th an  lead , such as cadmium, also* possessed  
m easurable vapor p re s su re s  a t  room te m p e ra tu re .
9 . The vapor phase c o n c e n tra tio n  o f m olecu la r m eta l compounds 
measured in  burn ing  c ig a r e t t e s  was h ig h .
The r e s u l t s  ob ta ined  th rough  th e se  experim ents h e lp  to  e x p la in  
th e  h ig h e r th an  expected  m olecu la r le a d  v a lu es  observed and rep o rte d  
in  c h a p te r  1 , Although th e  c a lc u la te d  vapor p re ssu re  o f le a d  and i t s  
compounds in d ic a te d  t h a t  th e se  c o n c e n tra tio n s  could  n o t be measured a t  
room tem pera tu re  -  ev ery  lea d  compound te s te d  proved to  have a m easur­
ab le  c o n c e n tra tio n  in  th e  vapor phase.
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T his phenomenon may be e x p la in e d  by a d e c re a se  in  th e  l a t t i c e  
energy , a t  " f a u l t s " or im p e rfe c tio n s  in  th e  c r y s t a l  s t r u c tu r e .  The 
r e s u l t a n t  v ap o r p re s su re  o f th e  compound may be s e v e r a l  o rd e rs  o f 
m agnitude h ig h e r  th a n  c a lc u la te d  v a lu e s ,  o r e x p e r im e n ta l v a lu e s  ob­
ta in e d  from  -p e r fe c t ly  formed c r y s t a l s .  T h is " l a t t i c e  e f f e c t "  should  
in c re a s e  th e  v ap o r p re s su re  as th e  tem p era tu re  d e c re a s e s ,  so t h a t  a t  
room tem p era tu re  v i r t u a l l y  a l l  compounds cou ld  have a m easurab le  vapo r 
p re s su re  c o n c e n tra tio n .
R e s u lts  o b ta in ed  -with le a d  h a l id e s  c l e a r ly  dem onstra ted  a decom­
p o s i t io n  e f f e c t  by h e a t in g ,  and pho todecom position  r e a c t io n s .  These 
experim en ts a ls o  re v e a le d  a unique bonding e f f e c t  by th e  " n a tu ra l ly "  
a c t iv e  N a tio n a l  Carbon, in  w hich i t  was p o s s ib le  to  q u a l i t a t iv e l y  
determ ine  a  substance  by i t s  un ique a b so rp tio n  t r a c e ,  a s  w e ll  as 
de te rm ine  ( to  some e x te n t)  th e  q u a n ti ty  o f  s p e c ie s  p r e s e n t .
Some ty p e s  of p l a s t i c  such  a s  tygcn  co u ld  v e ry  e f f e c t i v e l y  remove 
m o lecu la r sp e c ie s  by a " p la t in g  o u t"  e f f e c t  w h ile  o th e r s ,  such as 
p o ly e th y le n e , had v e ry  . l i t t l e  e f f e c t .
O ther e le m e n ts , Cd in  p a r t i c u l a r ,  a ls o  p o sse sse d  m easurab le  v apo r 
p re s su re s  and th e s e  compounds a ls o  produced un ique  a b so rp tio n  t r a c e s  
c h a r a c t e r i s t i c  o f  th e  compound on N a tio n a l C arbon. The sp e c ie s  o f  
compound (o x id e , brom ide, c h lo r id e ,  e t c . )  was n o t  re s p o n s ib le  f o r  th e  
unique shape as th e  v a r io u s  ox ides o f  le a d  were n o t  s im i la r ,  and th e  
monoxide o f  le a d  (FbO) was n o t  s im ila r  i n  shape to  th e  monoxide o f 
cadmium (CdO).
The c o n c e n tra tio n  o f  m o le cu la r  c a dm ium e m itte d  from cne b u rn ing  
c ig a r e t t e  was found to  be u n ex p ec ted ly  h ig h , and e q u iv a le n t  t o  con­
c e n t r a t in g  and b r e a th in g . 45 o f " p o l lu te d " a i r . T h is may be v e ry
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im p o rta n t aa non-sm okers cou ld  be exposed to  s i g n i f i c a n t  m o lecu la r 
c o n c e n tra tio n s  o f  heavy m e ta ls  from  th e  c ig a r e t t e s  o f  sm okers.
These experim en ts com plim ented th e  l e a d - i n - a i r  s tu d ie s  d e sc r ib e d  
p re v io u s ly  and t o  a g r e a t  e x te n t  ag reed  w ith  o th e r  s tu d ie s  w hich i n ­
d ic a te  t h a t  a lk y l  le a d  compounds could  n o t  be th e  sou rce  o f th e  h ig h  
c o n c e n tra tio n s  o f  le a d  m easured a t  th e  sam pling s i t e .  However, le a d  
s a l t s  e m itte d  from  au tom obiles a re  undoub ted ly  im p e rfe c t c r y s t a l s .
VJhen th e s e  c r y s t a l s  f a l l  upon th e  road  and a re  run  over and f r a c tu re d  
by au tom ob iles o r h e a ted  by h o t highway s u rfa c e s  th en  t h e i r  vapor p re s su re  
cou ld  be s u f f i c i e n t l y  in c re a s e d  a s  t o  be m easured by t h i s  v e ry  s e n s i ­
t iv e  te c h n iq u e . The a l t e r n a t iv e  sou rce  to  le a d  a lk y l s ,  t h a t  o f  v apo r­
iz e d  in o rg a n ic  s p e c ie s ,  may th e r e f o r e  be a sou rce  o f  t h i s  form  of 
p o l lu t a n t .
CHAPTER 3
DSVELOBEI.IT of  g a se o u s  s t a n d a r d s  t o  d g t se i-i i i e
THE ACTIVITY OF ACTIVATED CARBOH
I .  II'ITRODUCTIOH
A lthough many la rg e  am bient le a d  v a lu e s  were o b ta in ed  d u rin g  th e  
30 months o f am bient a i r  sam pling , th e re  were many tim es t h a t  d a ta  
were o b ta in ed  which in d ic a te d  t h a t  no am bient m o lecu la r le a d  was 
p r e s e n t .  The absence o f  an am bient c o n c e n tra tio n  by t h i s  method was 
v e ry  im p o rta n t fo r  s e v e r a l  re a s o n s . vJhen no m o lecu la r s ig n a l  was 
o b ta in e d , i t  may have been due to  an a c tu a l  absence o f  m o lecu la r le a d ,  
o r i t  may have been due t o  a f a i l u r e  i n  th e  method b e in g  used to  de­
t e c t  th e  le a d .  A breakdown may have o ccu rred  e i t h e r  i n  th e  a to m isa ­
t io n  p ro c e s s ,  o r i n  th e  a c t iv a t io n  o f  th e  carbon which would n o t th e n  
abso rb  th e  vaporous s p e c ie s .  A c tive  carbon produced th e  same r e s u l t s  
as  an absence o f  m o lecu la r l e a d ,  a s  th e  sample was n o t  r e ta in e d  on 
th e  bed d u rin g  th e  sam pling s te p .
Problem s in  th e  a to m iz a tio n  p ro c e s s , o r equipm ent f a i l u r e ,  were 
e a s i l y  d i s c e r n ib le  t o  an e x p e rien c ed  o p e ra to r  o f th e  AA system  d e s c r i ­
bed i n  c h a p te r  1 . Equipment f a i l u r e s  u s u a l ly  m an ife s te d  th em se lv es in  
a change i n  th e  shape o f  a b s o rp tio n  t r a c e s  o f  b o th  in je c te d  l iq u id  
sam ples, and vaporous le a d  sam ples adsorbed  on to  a  c o ld  ac tiv e - carbcn  
bed . For exam ple, a c rack ed  q u a rtz  c e l l  o r le a k in g  "O” r in g  s e a ls  
u s u a l ly  r e s u l te d  in  broadened  o r t a i l i n g  peaks f o r  l iq u i d  s ta n d a rd s .
A p ro p e r ly  o p e ra tin g  c e l l  produced sh a rp  peaks f o r  l iq u id  s ta n d a rd s  
in je c te d  a t  a to m iz a tio n  te m p e ra tu re s .
The a c t iv a t io n  o f  a carbon  bed was an o th e r m a t te r ,  however, a s
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th e r e  were no symptoms to  su g g e s t p o s s ib le  p rob lem s. I t  was f e l t ,  
t h e r e f o r e ,  t h a t  i f  th e  la rg e  m o lecu la r s ig n a ls  o b ta in ed  from th e  m e ta l 
s a l t s  vapor p re s su re  s tu d ie s  cou ld  be made r e p ro d u c ib le ,  th en  a  s ta n ­
dard  tec h n iq u e  fo r  m easuring  th e  a c t i v i t y  o f  th e  bed cou ld  be made 
re p ro d u c ib le , th e n  a s ta n d a rd  tec h n iq u e  fo r  m easuring  th e  a c t i v i t y  
o f th e  bed cou ld  be a d o p ted . Due to  th e  f a c t  t h a t  th e  p l a s t i c  bag 
method was n o t  r e p ro d u c ib le ,  an a l t e r n a t e  method o f  g e n e ra tin g  a  r e ­
p ro d u c ib le  amount o f  m e ta l vapor was needed . I f  such a method were 
a v a i la b le ,  th e n  a l l  doubt cou ld  be removed t h a t  th e  absence o f a 
m o lecu la r s ig n a l  was a c tu a l ly  due to  a l e s s  th an  m easurab le  concen­
t r a t i o n  o f  m e ta l vapor i n  th e  a i r .
To d e te rm in e  a l l  p o s s ib le  so u rces  o f  e r r o r  i n  th e  a n a l y t i c a l  
method a sy s te m a tic  s tu d y  o f  th e  problem  a re a s  was made. The p ro ­
blems a ls o  had to  be e lim in a te d  s y s te m a t ic a l ly .  The f i r s t  m ajor 
problem  a re a  t o  be e lim in a te d  in e f f i c i e n c y  in  th e  a to m isa tio n  p ro c e s s . 
There were seven f a c to r s  t h a t  were d e te rm ined  to  be p o s s ib le  so u rces
o f e r r o r  i n  th e  a to m iz a tio n  p ro c e s s . Dach f a c to r  had to  be d e a l t
*
w ith  s e p a ra te ly .
linen i t  was de te rm ined  t h a t  th e  equipm ent was fu n c tio n in g  c o r­
r e c t l y ,  a new method fo r  th e  p ro d u c tio n  o f  a re p ro d u c ib le  vapo r con­
c e n t r a t io n  cou ld  be d ev e lo p ed . The 5 l i t e r  bag method d e sc r ib e d  in  
c h a p te r  2 d id  n o t  produce a  re p ro d u c ib le  v ap o r sp e c ie s  on th e  n a tu r a l l y  
a c t iv e  N a tio n a l C arbcn. The developm ent o f  a new tech n iq u e  w hich e l i ­
m inated  th e  b ig g e s t  problem  in  tho  bag method -  p l a t in g  o u t ,  and w hich 
produced a re p ro d u c ib le  vapor sp e c ie s  w i l l  be d is c u s s e d .
VJhen th e  a to m isa tio n  p ro c e ss  was fu n c tio n in g  c o r r e c t ly ,  and a 
re p ro d u c ib le  vapo r sp e c ie s  was b e in g  produced , th e  absence o f an
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a b so rp tio n  peak could  on ly  be due to  an in a c t iv e  carbon bed (o r a 
m easurable c o n c e n tra tio n  o f  l e a d ) .  The problem  o f a c t iv a t io n  o f 
carbon w i l l  a ls o  be d is c u s s e d .
Hore s p e c i f i c a l l y ,  th e  problem  a re a s  to  be d isc u sse d  a re  :
A. Problems A sso c ia ted  W ith th e  A tom iser o r AA System Which
Reduced S e n s i t i v i t y ,  Which In c lu d e :
1 . E f f e c t  o f  a to m isa tio n  tem p era tu re  on s e n s i t i v i t y .
2 . R eduction  i n  s e n s i t i v i t y  by th e  fo rm atio n  o f d u s t  in
th e  carbon bed .
3 . L oss o f s e n s i t i v i t y  by p la t in g  o u t o f  th e  sample on 
th e  carbon bed su p p o rt d i s c .
4 . E f f e c t  cn s e n s i t i v i t y  o f th e  d is ta n c e  between th e
bottom  o f  th e  carbon bed and th e  l i g h t  p a th .
5. E f f e c t  on s e n s i t i v i t y  o f th e  l i g h t  p a th  q u a r ts  window
to  vacuum p o r t  d i s t a n c e .
6 . E f f e c t  o f l i g h t  p a th  tem p era tu re  cn s e n s i t i v i t y .
B. D e te rm in a tio n  o f th e  A c t iv i ty  o f  th e  Carbon Bed
1 . N o n - re p ro d u c ib il i ty  o f th e  vapo r p re s su re  o f  le a d
compounds u s in g  th e  5 l i t e r  bag m ethod.
2 . New sam pling c o n f ig u ra tio n  to  improve r e p r o d u c ib i l i ty  
o f  m e ta l s a l t  v a p o rs .
3 . A c tiv a tin g  new ly m anufactured  U ltra c a rb c n .
I I .  E^CFSEIIENTAL STUDIES UNDERTAKEN TO EUNINaTE SOURCES OF ERROR IN
THE ANALYTICAL PROCESS
A s e r i e s  o f  s tu d ie s  was undertaken  to  e lim in a te  so u rces o f  e r r o r  
in  th e  a n a l y t i c a l  m ethod. These s tu d ie s  in c lu d e d :  a) e l im in a tio n  o f
i y,
problems in  th e  a tom iza tion  p ro cess , d) th e  development of a  method 
capable o f g en era tin g  a rep ro d u c ib le  m eta l vapor c o n ce n tra tio n , and 
c) th e  d e te rm in a tio n  of the  a c t iv i t y  o f th e  carbon used in  th ese  
s tu d ie s .
The two m ajor sources o f system f a i l u r e ,  equipment and carbon 
a c t iv a t io n ,  were s tu d ied  ffictansively to  e lim in a te  th e  p o s s ib i l i ty  of 
in a c c u ra te  d a ta ,
A, Problems A ssociated  With th e  Atomizer or AA System which 
Asduced S e n s i t iv i ty
There were seven problem a re a s  id e n t i f i e d  -with th e  quartz  
!,T" atom izer th a t  v a ried  in  e f f e c t  from a red u c tio n  in  s e n s i t iv i ty  
to  a complete lo s s  of s ig n a l .  These seven fa c to r s  a r e :
1 . A tom isation tem pera tu re  o f th e  carbon bed.
2 . Condition o f th e  carbon bed.
3 . Bed support device a t  th e  bottom  of th e  carbon bed.
4 . D istance from th e  carbon bed to  l ig h t  p a th .
5. Sample flow r a te  through the  a tom izer,
6 . D istance from th e  l ig h t  path  q u a r t z  window to  vacuum p o r t .
7- Temperature o f th e  l ig h t  p a th .
Bach o f th e se  equipment problems w i l l  be d iscu ssed  to  d e t a i l  th e  e f f e c t  
o f each problem on th e  s e n s i t iv i t y  o f th e  a to m ise r.
1 . E f fe c t  of a tom iza tion  tem perature  an s e n s i t iv i ty
This f a c to r  g re a t ly  in flu en ced  a tom iza tion  e f f ic ie n c y  
and th e  r e s u l t in g  s e n s i t iv i t y .  Optimum tem pera tu res could be d e te r ­
mined fo r  each elem ent measured such as Fb, Cd, Au, Ag, Zn, T1 and Hg.
The m elting  p o in t o f quartz  (1650°C) was a m ajor fa c to r  in  l im itin g
th e  number o f elem ents which could be determ ined by th i s  method. For
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le a d ,  s e n s i t i v i t y  was g r e a t ly  reduced a t  a to m isa tio n  tem p era tu re s . l e s s  
th an  1400°C, w ith  a marsLmum s e n s i t i v i t y  a t  1500°C. S ig n i f ic a n t  v i t r i ­
f i c a t i o n  o f th e  q u a r ts  o ccu rred  r a th e r  r a p id ly  a t  a  su s ta in e d  tem pera­
tu r e  o f  16C0°C. For cadmium, s e n s i t i v i t y  im proved up to  th e  maximum 
a llo w ab le  tem p era tu re  (1550°C).
The req u irem en t o f a s u f f i c i e n t  tem p era tu re  f o r  a to m isa tio n  was 
e v id e n t in  th e  d e te rm in a tio n  o f  go ld  by t h i s  m ethod. At 1550°C, th e  
s e n s i t i v i t y  was approudm ately  th a t, o f  flam e m ethods. On com m ercial 
r e s i s t i v o l y  h ea ted  carbon a to m ise rs  a  one hundred fo ld  s e n s i t i v i t y  
improvement h a3 been o b ta in ed  a t  s l i g h t l y  h ig h e r  te m p e ra tu re s  (1700°C) 
th an  a re  p o s s ib le  because o f th e  m e ltin g  p o in t  q u a r ts  used in  th e  
a to m ise rs  "T” .
2 . R eduction  in  s e n s i t i v i t y  by  th e  fo rm atio n  o f  d u s t
The fo rm atio n  o f  carbon  d u s t on th e  su r fa c e  o f th e  carbon 
p ie c e s  i n  th e  bed g r e a t ly  reduced  th e  s e n s i t i v i t y  o f  th e  a to m ise r .
The fo rm a tio n  o f d u s t  o ccu rred  e i t h e r  by s e le c t iv e  a i r  o x id a tio n  o f 
an o rg an ic  b in d e r  a t  th e  su rfa c e  o f each carbon p ie c e  o r by a t h e r ­
m al f r a c tu r in g  p ro ce ss  due t o  th e  re p e a te d  h e a tin g  and co o lin g  c y c le s  
employed in  th e  m ethod. The carbon ro d s  used  in  th e s e  s tu d ie s  were 
f a b r ic a te d  by m ixing m inute carbon p ie c e s  w ith  an o rg an ic  b in d e r  w ith  
a subsequen t p ress in g -m o ld in g  s te p  to  produce th e  d e s ir e d  shape .
Ccd-dation o f th e  o rg an ic  b in d e r  a t  th e  su rfa c e  broke o f f  m inute 
p a r t i c l e s  o f  th e  g ra p h ite  a t  f a u l t s  o r d i s lo c a t io n s  i n  th e  c r y s t a l  
s t r u c tu r e .  A f te r  c o n s id e ra b le  om idation  o f  o rg an ic  b in d e r  a t  th e  
s u r f a c e ,  each carbon p iec e  became co a ted  v.dth th e  v e ry  sm a ll p a r t i c l e s  
o f carbon d u s t .  The same r e s u l t  o ccu rred  by th e  p u re ly  p h y s ic a l  e f f e c t  
o f re p e a te d  expansions and c o n tr a c t io n s  by  th e  carbon p ie c e s  d u rin g
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t-hQ norm al h e a tin g  and co o lin g  c y c le s , The expansions and c o n tra c ­
t io n s  f r a c tu re d  th e  carbon su rfa ce  i n to  d u s t .
The fo rm ation  o f d u s t g r e a t ly  a f fe c te d  s e n s i t i v i t y ,  as  th e  v e ry  
sm all carbon p a r t i c l e s  d id  n o t couple to  th e  IF  f i e l d .  T his p ro ­
duced "cold" sp o ts  in  th e  bed which could n o t  e f f i c i e n t l y  atom ize a 
gaseous sample adsorbed on th e  su rfa ce  o f th e  d u s t .  This d u s t had to  
be removed p e r io d ic a l ly  and f r e s h  carbon p ie c e s  added to  produce a 
un ifo rm , e f f i c i e n t  a to m iza tio n  p ro cess  in  th e  carbon bed.
The ra p id  v a p o r iz a t io n  o f th e  l iq u id  drop on th e  ho t carbon v/as 
probab ly  th e  cause o f th e  d u s t fo rm atio n . The in je c t io n  o f  co n ce n tra ­
te d  a c id s , such as s e v e r ly  decomposed th e  carbon su rfa c e  proba­
b ly  by a com bination o f v a p o r iz a tio n  o f tho  l iq u id  and., o x id a tio n  o f 
th e  carbon su rfa c e  b e fo re  th e  ac id  v;as decomposed.
The carbon bed was a ls o  observed to  co a t w ith  d u s t much mors 
ra p id ly  under an a i r  flow  o f  100 cc/m in than  th e  same flow o f n itro g e n  
a lm s  (as ev idence o f th e  ornidaticn  e f f e c t ) .
The fo rm ation  o f d u s t on th e  su rfa ce  may a ls o  have reduced s e n s i ­
t i v i t y  by changing th e  n a tu re  o f th e  a c t iv e  s i t e s  so t h a t  m e ta l vapors 
■were trap p ed  l e s s  e f f i c i e n t l y  by th e  sane su rfa c e  a rea  on th e  carbcn . 
The fo rm ation  o f d u s t had th e  d i r e c t  e f f e c t  o f d e c rea s in g  th e  s e n s i­
t i v i t y  o f th e  a to m ize r.
3* Loss o f  s e n s i t i v i t y  by p la t in g  out o f  th e  sample on th e  c a r ­
bon bed suppo rt d isc
As o r ig in a l ly  employed in  th e se  s tu d ie s ,  th e  carbcn  p iec es  
which comprise th e  bed were supported  in  th e  ta p e re d  end o f th e  in n e r  
s le e v e , by a p o rc e la in  d is c  co n ta in in g  many sm all h o le s  f o r  th e  vapor­
iz e d  sample to  pass  th rough  in to  th e  l i g h t  p a th . This p o rc e la in  d isc
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proved to  be a s ig n i f ic a n t  aource o f e r r o r  a s  th e  v a p o rised  sample 
p la te d  out on. i t ,  or on s l i g h t l y  a c tiv e  carbon d u s t which s e t t l e d  
cn i t .  The problem  was l a t e r  r e c t i f i e d  by re p la c in g  th e  p o rc e la in  
d is c  w ith  a s im ila r ly  shaped carbon d i s c .  The carbon d is c  coupled 
w ith  th e  RF and was m ain ta ined  a t  th e  bed te m p e ra tu re , th e re b y  e l i ­
m ina ting  th e  p la t in g  e f f e c t .
4 . E f f e c t  cn s e n s i t i v i t y  o f th e  d is ta n c e  between th e  bottom  
o f th e  carbon bed and th e  l i g h t  pa th
The d is ta n c e  between th e  carbon d is c  and th e  l i g h t  p a th  
had a c o n sid e ra b le  e f f e c t  on s e n s i t i v i t y .  T his e f f e c t  was m inim ised 
by p o s it io n in g  th e  bottom  o f th e  in n e r  s leev e  approx im ate ly  l / l 6 "  
from th e  l i g h t  p a th . This p reven ted  th e  v a p o rised  sample frcsa 
p la t in g  out on th e  in n e r  su rfa c e  o f  th e  q u a rts  c e l l .
5 . E f fe c t  o f sample flow  r a te  th rough  th e  c e l l  on s e n s i t i v i t y  
Optimum flow  r a te s  had to  be e s ta b l is h e d  fo r  maximum sen­
s i t i v i t y .  I f  th e  atom ised sample were drawn th rough  th e  bed to o  
q u ick ly  a to m isa tio n  e f f ic ie n c y  was reduced and s e n s i t i v i t y  was de­
c re a se d . I f  th e  sample was n o t  drawn th rough  th e  bed q u ick ly  enough 
peak t a i l i n g  occurred  and an a c c u ra te  measurement o f th e  a re a  was 
d i f f i c u l t .  Cracked q u a r tz , le a k in g  or cracked l!0" r in g  s e a l s ,  or 
le a k in g  connec tions t o  th e  a tom izer a f f e c te d  sample flow th rough  th e  
c e l l .  Leaks a ls o  reduced s e n s i t i v i t y  by a llo w in g  oxygen to  e n te r  th e  
l i g h t  p a th . This r e s u l te d  in  a l e s s  reduc ing  atm osphere in  th e  a to ­
m izer. I t  was th e re fo re  im p e ra tiv e  t h a t  le a k s  and c racks in  th e  c e l l  
be avoided fo r  rep ro d u c ib le  r e s u l t s  to  be o b ta in ed .
6 . E f fe c t  cn s e n s i t i v i t y  o f th e  l i g h t  p a th  q u artz  window to  
vacuum p o r t  d is ta n c e
A fte r  p a ss in g  th ro u g h  th e  carbon b ed , th e  sample gas flow  
was im m ed ia te ly  s p l i t  i n to  two flow s in  th e  l i g h t  p a th  -  tow ard th e  
two vacuum p o r t s .  I f  th e re  was an i n s u f f i c i e n t  d is ta n c e  betw een th e  
q u a r ts  windows a t  th e  ends o f  th e  l i g h t  p a th , and th e  vacuum p o r t s ,  
th e n  some o f  th e  sample in  e i t h e r  th e  a tom ic or m o le cu la r form co a ted  
th e  window b e fo re  i t  e d i te d  th ro u g h  th e  vacuum p o r t .  T his reduced  
th e  s e n s i t i v i t y  o f th e  resonance  l in e  and re q u ire d  t h a t  th e  windows 
be h e a ted  w ith  a to r c h  to  remove th e  co a ted  3 p s c ie s .
7* -L ight p a th  tem p era tu re
The te m p e ra tu re  o f  th e  l i g h t  p a th  was k ep t a t  a temp­
e ra tu r e  h ig h  enough t o  p re v e n t th e  a tom ised  sample from  p la t in g  out 
cn th e  l i g h t  p a th  q u a r ts  b e fo re  i t  cou ld  be removed by th e  system  
vacuum. T h is was accom plished  by w rapping th e  l i g h t  p a th  q u a rtz  
w ith  seven o r e ig h t  la y e r s  o f a sb e s to s  c o rd .a n d  ta p e .  An 18 guage 
nichrom e w ire  was in te r s p a c e d  betw een a sb e s to s  co rd  a t  th e  second 
la y e r  from th e  q u a r tz .  A v a r ia b le  v o lta g e  tra n s fo rm e r  was used to  
re g u la te  a c o n s ta n t c u r r e n t  o f  seven amps th ro u g h  th e  w ire .  T h is 
m a in ta in ed  a c o n s ta n t l i g h t  p a th  tem p era tu re  was s u f f i c i e n t  to  p re ­
v e n t a s ig n i f i c a n t  amount o f  th e  sample from  b e in g  p la te d  cn th e  
q u a r tz .
A ll  o th e r  equipm ent i n  th e  Atomic A b so rp tio n  System was e f f i c i ­
e n t ly  s e rv ic e d  by  an e x c e l le n t  e le c t r o n ic  shop in  th e  C hem istry  De­
p a rtm e n t. A l l  o f  th e  problem s j u s t  d e s c r ib e d , were a s s o c ia te d  w ith  
a lo s s  o f  s e n s i t i v i t y  by th e  a to m iz e r . I f  th e s e  problem s cou ld  be 
avo ided  th e n  th e  on ly  o th e r  p o s s ib le  sou rce  o f e r r o r  in  th e  d e te r ­
m in a tio n  o f  am bient m e ta l c o n c e n tr a t io n s ,  o r vapor c c n c e n tra t ic n s  o f 
m e ta l s a l t s ,  was th e  r e s u l t  o f  in a c t iv e  c a rb o n .'
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2 . D e term ina tion  o f th e  A c tiv i ty  o f th e  Carbon Bed
The fu n c tio n  o f th e  carbon bed was tv/of o ld . The carbon 
must f i r s t  t r a p  th e  m e ta l vapo r. This re q u ire d  th a t  th e  carbon be 
a c t iv e .  The second fu n c tio n  o f th e  carbon bed was to  a tom ise the  
sample p r io r  to  m easurem ent. T his req u ire d  t h a t  th e  carbcn p ie c e s  
which com prised th e  bed , couple w ith  th e  rad io freq u en cy  a p p lie d  and 
a t t a i n  th e  c o r re c t  tem p era tu re .
In  d e te rm in ing  th e  a c t i v i t y  o f  a carbon bed , two f a c to r s  m ust be 
c o n s id e re d : e i th e r  ex p erim en ta l c o n d itio n s  fo r  producing th e  atom ic
vapor were n o t  c o r r e c t  ( i . e . ,  no vapor p r e s e n t ) ,  or th e  carbcn was 
n o t s u f f i c i e n t l y  a c t i v e . Both p o s s i b i l i t i e s  had to  be in v e s t ig a te d  
to  a ssu re  a  rep ro d u c ib le  gaseous s ta n d a rd .
1 . H o n -re p ro d u c ib ili ty  o f th e  vapor p re ssu re  o f  le a d  com­
pounds u s in g  th e  5 l i t e r  bag method 
The experim ents w ith  a c t iv e  carbon u sin g  th e  5 l i t e r  
p l a s t i c  bags..had dem onstra ted  a la c k  o f c o n s is ta n c y  in  th e  s ig n a ls  
o b ta in ed . The s ig n a ls  ob ta ined  one day were n o t n e c e s s a r i ly  th e  
same as th o se  reco rded  th e  n e x t day . F ra c tu r in g  th e  s a l t  c r y s t a l s ,  
by m il l in g  w ith  a m orta r and p e s t l e ,  or pounding w ith  a hammer w hile  
in  th e  bag , sometimes in c re a se d  th e  vapor p re s s u re , b u t th e  e f f e c t  
was tem porary . Another method fo r  g e n e ra tin g  a rep ro d u c ib le  vapor 
seemed to  be re q u ire d . Lead oxide (PbO) was p laced  in  an Drlenm eyer 
f l a s k  and a l t e r n a t e ly  h ea ted  o r s t i r r e d  or b o th . H eating  and s t i r ­
r in g  te m p o ra r ily  in c re a se d  th e  vapor p re ssu re  a s  evidenced by th e  
r a th e r  la rg e  a b so rp tio n  t r a c e s  reco rd ed . However, some change in  th e  
c r y s ta l  s t ru c tu r e  occu rred  a f t e r  a p e riod  o f tim e so t h a t  a g iven
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amount o f  PbO would on ly  produce la rg e  s ig n a ls  io n  a r e l a t i v e l y  sh o i't 
p e rio d  o f  tim e . There was a p h y s ic a l  change in  c o lo r  accompanying 
t l i i s  appeared  o x id a tio n  from  yaliov; (FoO) to  some red  oxide (Pb^O^) 
and even some yellow -o range  oxide (PbgG^) .
Some i n t e r e s t i n g  r e s u l t s  were o b ta in ed  a s  th e se  tem porary  la rg e
le a d  oxide c o n c e n tra tio n s  cou ld  be used to  t e s t  th e  e f f ic ie n c y  o f
com m ercially  a v a i la b le  a c t iv a te d  c h a rc o a l  f o r  in o rg a n ic  v a p o rs . One
s ta n d a rd  method proposed f o r  d e te rm in a tin g  "m olecu lar"  le a d  in  th e
(79)
a i r  in v o lv e d  a t r a p p in g  s te p  on a c t iv a te d  c h a rc o a l.  As d isc u sse d
p re v io u s ly , in o rg a n ic  sp e c ie s  in  th e  a i r  would n o t  be ex p ec ted  t o  be 
tra p p e d  e f f i c i e n t l y  on a c t iv a te d  c h a rc o a l and th i3  could  acco u n t fo r  
th e  h ig h e r  average  v a lu e s  o b ta in ed  by our method v e rsu s  s ta n d a rd  
m ethods.
The vap o rs  from h ea ted  and s t i r r e d  PbO were drawn th ro u g h  a 
membrane f i l t e r  (O .O l/i)  and a column o f  com m ercially  a c t iv a te d  c h a r­
c o a l .  The re  s t i l t s  a re  shown in  f ig u re  3 6 . The v e ry  la rg e  vaporous 
c o n c e n tra tio n s  re  s t i l t in g  from h e a tin g  and s t i r r i n g  were v e ry  p o o rly  
tra p p e d  on com m ercially  a c t iv a te d  c h a rc o a l . T h is f u r th e r  s u b s ta n t i ­
a te d  ou r c la im  t h a t  le a d  a lk y ls  in  g a so lin e  p ro b ab ly  were n o t th e  
sou rce  o f  such la rg e  s ig n a ls  -  b u t were th e  r e s u l t  o f in o rg a n ic  lea d  
s a l t s  e m itte d  from  a u to m o b ile s .
2 . New sam pling c o n f ig u ra tio n  to  improve r e p r o d u c ib i l i ty  
o f  m e ta l s a l t  vapors
P rev ious a tte m p ts  by o th e r  methods subsequen t to  th e  
5 l i t e r  bag method to  produce a re p ro d u c ib le  m e ta l s a l t  v apor were 
n o t  v e ry  s u c c e s s fu l .  The f i r s t  s u c c e s s fu l  e f f o r t  to  produce a
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re p ro d u c ib le  m e ta l s a l t  vapo r employed a s n a i l  g la s s  tube  as a perma­
n e n t chamber f o r  th e  v o l a t i l i s a t i o n  o f th e  s a l t s  ( f ig u re  3 7 ) . A 
sm a lle r  g la s s  tu b e , c o n ta in in g  th e  compound o f i n t e r e s t  cou ld  be 
e a s i l y  in s e r te d  and removed. The on ly  param eter to  be d e te rm ined  
by  t h i s  method was th e  tim e re q u ire d  f o r  an e q u ilib r iu m  c o n c e n tra ­
t io n  to  be e s ta b l is h e d  in  th e  vapor phase above th e  compound. By 
w rapping th e  c o n ta in e r  w ith  a sb e s to s  and h e a tin g  w ith  a nichrom e w ire , 
th e  tem p era tu re  cou ld  be r a i s e d  and i t s  e f f e c t  an th e  vapo r p re s su re  
re c o rd e d . In  m ost c a s e s ,  h e a tin g  was n o t  r e q u ire d , Uhen t h i s  m et­
hod proved to  be re p ro d u c ib le  on th e  n a tu r a l l y  a c t iv e  N a tio n a l Car­
bon, th e  rem ain ing  problem  o f th e  s t a t e  o f  a c t iv a t io n  o f  new U l t r a -  
carbon could  be in v e s t ig a te d .
3 . A c tiv a tin g  new ly m anufactured  u l tr a c a rb c n
As m entioned e a r l i e r ,  th e  supp ly  o f  n a tu r a l l y  a c t iv e
N a tio n a l Carbon was l im ite d  and newly m anufactu red  carbon .from th e
same m an u fac tu re r p o ssessed  v i r t u a l l y  no a c t i v i t y .  A nother r e s e a rc h e r
e v e n tu a l ly  produced an a c t iv e  sp e c ie s  o f  U ltra c a rb c n  (an ex trem e ly
pure b rand  o f  carbon) th ro u g h  a s e r i e s  o f  d i f f e r e n t  methods in c lu d in g
(30)
U i t ro s y l  C h lo r id e , N itro u s  O xide, Carbon D is u l f id e ,  Steam , O scne, e t c .  
These methods produced v a ry in g  s t a t e s  o f a c t iv e  carbon from m ild ly  
a c t iv e  t o  a  v a ry  s t ro n g ly  a c t iv a te d  c o n d it io n  which would n o t  r e le a s e  
th e  sample to  a v e ry  s tro n g ly  a c t iv a te d  c o n d ito n  which would n o t  r e ­
le a s e  th e  adsorbed  sample even a t  a to m isa tio n  te m p e ra tu re s . Due to  
th e  extrem e p u r i ty  o f  new ly m anufactured  U ltra c a rb c n , t h i s  b rand  r e ­
ce ived  s p e c ia l  a t t e n t io n  f o r  p o s s ib le  a c t iv a t io n  p ro c e s s ) .  A c tiv a ­
t io n  by ozone e v e n tu a l ly  produced th e  b e s t  r e s u l t s  ( fo r  U ltra c a rb o n )  
f o r  u se  in  th e  method o f  gaseous s ta n d a rd s  j u s t  d e s c r ib e d .
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Although a c t iv a te d  U ltrac a rb o n  d id  n o t  produce c h a r a c t e r i s t i c  
a b so rp tio n  t r a c e s ,  as th e  n a tu r a l l y  a c t iv e  itfa tiona l Carbon d id ,  th e  
a b so rp tio n  t r a c e s  o b ta in ed  were much more re p ro d u c ib le .  S e v e ra l 
le a d  compounds (FbCl2 , PbO and Pb sh o t)  were t e s t e d  and th e  r e s u l t s  
a re  shown in  f ig u r e s  38 -4 0 . I t  was found t h a t  le a d  sh o t w hich had 
been c leaned  i n  e th a n o l produced v e ry  la rg e  s ig n a ls  in. c o n tr a s t  to  
th e  low s ig n a ls  o b ta in ed  when le a d  m e ta l o r le a d  sh o t was t e s te d  
u s in g  th e  5 l i t e r  bag method d isc u sse d  in  th e  le a d  s a l t s  vapor 
p re s su re  c h a p te r .
The most re p ro d u c ib le  d a ta  was o b ta in ed  from  PbSO^. Two 
c o n sec u tiv e  sam ples a re  shown in  f ig u re  A l. The p rocedure  f o r  
sam pling m erely  re q u ire d  a 30 m inute e q u ilib r iu m  tim e p r io r  to  
draw ing a s ta n d a rd  500 cc sample a t  1 .66  cc /m in . th rough  a 0 .0 1  ja 
membrane f i l t e r  (and th e r e f o re  cou ld  n o t  be p a r t i c u l a te  in  n a tu r e ) .  
There appeared  to  be no s ig n i f i c a n t  d if f e r e n c e  i n  th e  s ig n a l  fo r  
le a d  sh o t w hether a f i l t e r  was used or n o t .  As shown in  f ig u re  37 , 
t h i s  sam pling c o n f ig u ra tio n  g r e a t ly  reduced  th e  p o s s i b i l i t y  o f 
g e n e ra tin g  p a r t i c u l a t e s  as th e se  sp e c ie s  would have had to  a r i s e  from 
th e  in n e r  g la s s  c o n ta in e r  and flow  c o u n te r -c u r re n t  to  th e  a i r  s tream  
d u rin g  a n a ly s i s .  Even th e  powder sam ples o f PbCl^ and PbSO^ produced 
v e ry  l i t t l e  p a r t i c u l a te  w h en 'th ese  compounds were sam pled, a t  t h i s  
flow  r a t e ,  w ith o u t a f i l t e r .
There a ls o  appeared  to  be no d if f e r e n c e  in  th e  sam ple’s a b so rp tio n  
t r a c e  i f  e i t h e r  a s tan d a rd  0 .4 5  Ai f i l t e r  o r  a 0 .0 1 m  f i l t e r  were used 
in d ic a t in g  th e  c o n c e n tra tio n s  m easured were vaporous s p e c ie s .
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E x p erim en ta l s e tu p  used f o r  th e  d e te rm in a tio n  o f  re p ro d u c ib le  
v ap o r c o n c e n tra tio n s  o f  le a d  s a l t s .  T his sam pling c o n f ig u ra tio n  
g r e a t ly  reduced  th e  p o s s i b i l i t y  o f  g e n e ra tin g  p a r t i c u la te s . ,  a s  th e se  
sp e c ie s  would have to  a r i s e  from th e  'In n e r  g la s s  c o n ta in e r  and flow  
c o u n te r - c u r r e n t  to  th e  a i r  s tream  d u rin g  a n a ly s is .
FIGUE3S 38-40
These f ig u re s  i l l u s t r a t e  th e  a b so rp tio n  t r a c e s  
ob tained  from v a rio u s  lea d  compounds u sin g  th e  e 
experim en ta l se tu p  shown in  f ig u re  37* These 
s ig n a ls  r e s u l te d  from 500 cc o f  c leaned  a i r  drav/n 
through  th e  permanent v o l a t i l i z a t i o n  chamber a t  
100 cc/m in , (and th rough  a 0 .0 1 /u f i l t e r ) .
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CONCLUSIONS
The methods d escribed  appeared to  have solved th e  problem of 
determ in ing  th e  a c t iv i t y  o f th e  carbon bed (and th e re fo re  w hether 
or n o t an absence o f "m olecu lar11 lea d  s ig n a ls  was in  f a c t  due to  
equipment f a i l u r e , la c k  of a c t iv a t io n  in  th e  carbon bed or an im­
m easurably low c o n cen tra tio n  of am bient l e a d ) .  These methods a lso  
proved to  be sim ple , ra p id , and in ex p en siv e , as w e ll as reproduc­
i b l e .  Although th e  s ig n a ls  ob tained  may appear to  in d ic a te  a la rg e  
co n ce n tra tio n  in  the  vapor phase, i t  should be po in ted  out th e  the  
ab so lu te  amount o f lead  producing th e se  s ig n a ls  was much l e s s  than 
a nanogram. There i s ,  however, the  p o s s ib i l i ty  th a t  a s im ila r  
technique could be used in  th e  fu tu re  to  c a l ib r a te  o th e r  v e ry  
s e n s i t iv e  e lem en tal te c h n iq u e s , as th ese  techn iques have been 
c o n s ta n tly  m odified , and s e n s i t i v i t i e s  have been c o n tin u a lly  improved 
to  a le v e l  approaching th a t  o f t h i s  in s tru m e n t.
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PART B
DEVELOPMENT OF GRAPHITE FURNACE INSTRUMENTATION 
ATOMIC ABSORPTION SPECTROSCOPY
i
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CHAPTER 4
THE CONTINUING DEVELOPMENT OF THE CARBON "T" DESIGN ATOMISER
I . INTRODUCTION
As a rea so n a b ly  p r ic e d  and e a s i l y  a v a i la b le  a l t e r n a t iv e  t o  th e  
q u a rtz  "T" a to m ize r , th e  a l l  carbon "T" d esig n  has been th e  s u b je c t  
o f  s e v e ra l  re s e a rc h  p r o je c ts  in  our l a b s .  The o b je c t  o f th o se  
s tu d ie s  has been th e  developm ent o f a carbon  "T11 a to m ize r and housing  
d e s ig n  t h a t  m i l  s im u la te  th e  s e n s i t i v i t y  and r e p r o d u c ib i l i ty  o f th e  
q u a rtz  "T" a to m ize r (c h a p te r  l ) ,  b u t can a ls o  a t t a i n  a much h ig h e r  
a to m iz a tio n  te m p e ra tu re ,
Such a d esig n  would enab le  th e  d e te c t io n  o f  sub-nanogram  quan­
t i t i e s  o f  any elem ent capab le  o f  be ing  de te rm ined  by atom ic a b so rp ­
t i o n .  T h is  would be accom plished  by e lim in a tin g  th e  c n ly  s e r io u s  d i s ­
advantage o f  th e  q u a rtz  “T" d esig n  -  th e  m e ltin g  p o in t  o f th e  q u a r tz .  
S e v e ra l a l t e r n a t e  h ig h  tem p era tu re  m a te r ia ls  capab le  o f be ing  f a b r i ­
ca ted  i n to  th e  "T" shape were e i t h e r  n o t a v a i la b le  o r were n o t  a c c e p t­
a b le  fo r  v a r io u s  re a s o n s . S apph ire  tu b e s  capab le  o f o p e ra tin g  a t  
2000°C were a v a i la b le ,  b u t p o ssessed  d i f f e r e n t  deg rees o f  expansion  
i n  th e  I  and Y d i r e c t io n s  which p rec lu d ed  jo in in g  them a t  h igh  temp­
e r a tu r e s  t o  f a b r ic a te  th e  "T" shaped a to m ize r c e l l .  The jo in in g  o f  
th e  n eck  p o r t io n  o f th e  "T" to  th e  c ro s sp ie c e  l i g h t  p a th  r e q u ir e s  
t h a t  b o th  t u b e 's  m a te r ia l  m elt and flow  to g e th e r  to  form a uniform  
s t r u c tu r e  ( f ig u re  4 2 ) . S o ft g l a s s ,  py rex  and even q u a rtz  can be 
jo in e d  in  t h i s  m anner, b u t s a p p h i r e 's  le n g th  expansion  c o e f f i c i e n t  
and w id th  expansion  c o e f f i c i e n t  a re  to o  d i s s im i la r  to  a llo w  two tu b e s  
t o  be jo in te d  to g e th e r  a t  r i g h t  a n g le s . Such a j o i n t  cou ld  n o t
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w ith s ta n d  th e  re p e a te d  h e a t in g  and c o o lin g  c y c le s  employed in  t h i s  
a to m ize r d e s ig n .
M achinable ceram ic m e lts  a t  te m p e ra tu re s  exceed ing  13C0°C, and 
s im ila r  m a te r ia ls  a re  to o  b r i t t l e  t o  w ith s ta n d  re p e a te d  h e a tin g  and 
c o o lin g  c y c le s .  The maximum tem p era tu re  l i m i t  o f a l l  carbon "T" was 
3600°C (th e  su b lim a tio n  p o in t  o f  g ra p h i te  which cou ld  a tom ize v e ry  
r e f r a c to r y  e lem en ts such a s  p la tin u m .
For t h i s  reaso n  many d e s ig n s  o f carbon  a to m ize rs  have been 
t e s te d  a s  w e ll  a s  s e v e r a l  a to m ize r housing  d e s ig n s . Each m ajor de­
s ig n  change showed im provem ent, and gave an in d ic a t io n  o f a p o s s ib le  
f i n a l  s u c c e s s fu l  d e s ig n . However, each d e s ig n  a ls o  s u f fe re d  from  
s e v e ra l  weakness o r d is a d v a n ta g e s , so t h a t  a co m p le te ly  s u c c e s s fu l  
desig n  had n o t  been a ch iev e d .
The p rev io u s  e x p e rim e n ta l e f f o r t s  c a r r ie d  ou t in  our l a b s ,  to  
produce an a c c e p ta b le  a to m iz e r , w i l l  be d e ta i l e d  p r io r  to  d e s c r ib in g  
th e  e x p e rim e n ta l e f f o r t s  o f th e  a u th o r .  T h is i s  n e c e s sa ry  in  o rd e r  
to  p u t th e  ex p e rim e n ta tio n  dene in  t h i s  work i n to  p e r s p e c t iv e .
Thi3 c h a p te r  w i l l  be s t r u c tu r e d  a s  fo l io w s :
I I I .  P rev ious E x p erim en ta l D esign E f f o r t s
A. The "Hollow T" Design
B. A tom ization  S e c tio n  o f  th e  MT" -  D esign C o n s id e ra tio n s  ’
C. J o in in g  th e  A tom ization  S e c tio n  to  th e  C ro ss -p iece  Sec­
t io n
D. L o ca tio n  o f th e  A tom ization  Chamber in  th e  "T" D esign
E . E v o lu tio n  in  th e  Design o f  th e  Carbon "T"
F . A voiding Sample Loss due to  Porous Carbon by th e  Use o f 
P y ro ly t ic  Carbon
FIGURE 42
T his f ig u re  i l l u s t r a t e s  th e  problem  o f jo in in g  
two q u a r ts  tu b e s  a t  r i g h t  a n g le s . The problem  
was e s p e c ia l ly  d i f f i c u l t  to  overcome a s  th e  d i ­
m ensions o f  th e  q u a rtz  tu b e s  were v e ry  d i f f e r e n t  
from each o th e r .  The d e s ire d  ju n c t io n  re q u ire d  
t h a t  th e  q u a rtz  o f  b o th  tu b es  m e lt and flow  t o ­
g e th e r  to  form  a un ifo rm , le a k -p ro o f  "T" s t r u c ­
t u r e ,  capab le  o f w ith s ta n d in g  re p e a te d  h e a tin g  
and c o o lin g  c y c le s .  T h is type  o f  ju n c tio n  was 
p o s s ib le  f o r  s o f t  g l a s s ,  py rex  o r  q u a r tz ,  b u t 
n o t  f o r  sa p p h ire  due t o  d i f f e r e n t  d eg rees  o f 
expansion  in  th e  X and Y d i r e c t io n s .  T his p re ­
v en ted  th e  fo rm ation  o f  a  s u c c e s s fu l  ju n c tio n  
o f th e  two tu b e s  a t  r i g h t  a n g le s  (which could  
w ith s ta n d  re p e a te d  h e a tin g  and c o o lin g ) .
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I ? .  C ontinuing  Development o f th e  Carbon "T" Design
A. The Pov/er Consumption Problem o f th e  Carbon "T"
Design
3 . Design M o d ifica tio n s  to  Reduce Power Consumption
1 . Changing th e  c ro s s - s e c t io n a l  a re a  to  reduce 
pov/er consum ption
2. Use o f  E x te rn a l  sp r in g s  on th e  a tom izer housing 
to  ensu re  e l e c t r i c a l  c o n ta c t
3 . Design o f 3 -p iec e  carbon "T" a tom izer to  f a c i l i ­
t a t e  f a b r ic a t io n  and reduce power consumption
C. Development o f  an Im pervious Carbide Surface t o  Improve
S e n s i t iv i ty
V. R e su lts  O btained w ith  th e  Improved Carbon "T" Design 
TT. EXPERIMENTAL EQUIPMENT
A. Atomic A bsorp tion  System
A schem atic  diagram  o f th e  equipm ent i s  shovm in  f ig u re  43* 
A part from th e  a to m ize r, th e  atom ic a b so rp tio n  system  was c o n v e n tio n a l, 
employing a demountable hollow  cathode lamp (designed  and c o n s tru c te d  
in  our la b s )  as th e  l i g h t  so u rc e . The D.C. s ig n a l  e m itted  from th e  
hollov/ cathode lamp was chopped by a m echan ica l l i g h t  chopper, phase 
locked  to  th e  a m p lif ie r .  The resonance r a d ia t io n  o f th e  hollow  c a t ­
hode lamp th en  passed  th rough  th e  l i g h t  p a th  o f th e  a to m ize r housing 
to  a monochromator s l i t  system  v/here a d e f ra c t io n  g ra t in g  d isp e rse d  
th e  l in e  of i n t e r e s t  onto a p h o to m u ltip lie r  tube  d e te c to r .  The 
r e s u l ta n t  s ig n a l  was th en  a m p lifie d  and fed  to  a s t r i p - c h a r t  r e c o rd e r .
ATOMIC A B S O R P T IO N  SY ST E M  
CARBON "T" ATOMIZER
FIGURE 4 3
PHASE LOCKING
MAGNET
CHOPPER
I '
REED
SWITCH
HOLLOW CATHODE
l a m p
Schematic diagram of th e  components used in  the  
s in g le-b e  am AA system.
SIGNAL AMPLIFIER
POWER SUPPLY
RECORDER
H
O '00
equipm ent Components Employed in  th e  A bsorption System
1 . Demountable hollow  cathode lamp: designed  and con­
s t ru c te d  in  our l a b s .  ( I l l u s t r a t e d  e a r l i e r  in  f ig u re  
6 in  c h ap te r l )
2 . E le c tro th e rm a l a to m ize rs : designed  and made e s p e c ia l ­
ly  fo r  th e se  s tu d ie s .
3 . Beckman 10" la b  p o le n tio m e tr ic  s t r i p  c h a r t  re c o rd e r .
4 . H ew lett-Packard  D.C. power supp ly . Model 6515, 0 -l6 0 0 v , 
0-5mA ( fo r  p h o to m u ltip lie r  tu b e ) .
5 . Teclctrcn Aa- 3 sp e c tro p h o to m u ltip lie r  hollow  cathode 
lamp power su p p ly , type  MCS-1, 450v Max, 3-50 mA D.C.
6 . GCA-Mcpherson/Heath Photom etric  read o u t a m p lif ie r  
model EU 703-31.
7 . J a r r e l l -A s h  0 .5  m eter E b e rt monochromator.
a ,  g r a t in g :  1160 lines/m m
b . s l i t s :  a d ju s ta b le  from 5-400 p ..
c . r e s o lu t io n :  0 .2  A in  1 s t  o rd e r .
d , d e te c to r :  11106 p h o to m u ltip lie r  tube  (1600 R -
6000 R)
8.  O ther equipm ent:
a . Sola c o n s ta n t v o lta g e  tran s fo rm e r
b . Sargent-W elch. d u o -se a l vacuum pump model 1404H
c . Eppendorf 5 >il a u to -p ip p e tte
d . Ham ilton 1 , 2 , o r  3 p i  m ic ro p ip e t
a .  Matheson ro tam e te rs  (5 )
f .  Ar sc ru b b e r: D r i e r i t e ,  a c t iv a te d  c h a rc o a l, and
hea ted  copper tu rn in g s  ( fo r  O2 rem oval)
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g . S ig n a l T ran sio ‘_Ta.Br Co: 12 V, pOOA stapdown tra n s fo rm e r
(2) 9 V, 500A stepdown tra n s fo rm e r (1 ) .
h . Leeds and N orthrup o p t ic a l  pyrom eter, model 3632-C, 
tem pera tu re  range 775°C -  2300°C,
m .  previous e g^pehiiental design  efforts
A. The "Hollow T" Design
The f i r s t  a l t e r n a t iv e  model to  th e  q u a rts  c e ll*  th e
!'Hollow T" Carbon Atomizer dem onstra ted  th e  p o te n t i a l  and drawbacks
o f an a l l  carbon fu rn a c e . The most immediate advantage r e a l iz e d  was
th e  a b i l i t y  to  atom ize even th e  r e f r a c to r y  elem ents as tem o era tu res
(31)
in  excess o f 3200°C were e a s i ly  o b ta in ed . S e n s i t iv i t i e s  were
e x c e l le n t ,  o f te n  an o rd er o f m agnitude b e t t e r  th an  th o se  rep o rte d  
fo r  com m ercial a to m iz e rs , bu t a m ajor problem  was p re c is io n . Re­
p r o d u c ib i l i ty  was v e ry  dependent upon th e  tech n iq u e  of in je c t io n  by 
th e  o p e ra to r . The m ost im p o rtan t advantage over commercial a to m iz e rs , 
however, was v i r t u a l  e lim in a tio n  o f  in te r f e r e n c e s  from th e  sample ma­
t r i x ,  due to  a to m iza tio n  o u ts id e  th e  l i g h t  p a th .
The m ost se r io u s  drawback w ith  t h i s  d esig n  was th e  la rg e  q u a n ti ty  
o f power consumed in  m a in ta in in g  a to m iza tio n  tem p era tu re s  ( in  excess 
o f seven Id -lo w a tts ) . T his fe a tu re  a lone would p rev en t w idespread  
accep tance and use o f  th e  d e s ig n , d e s p i te  th e  obvious b e n e f i t s .
There w ere, however, many m echanical design  problem s and so lu tio n s  
-which r e s u l te d  from t h i s  p ro to ty p e  d es ig n . S ince a to m iza tio n  o u ts id e  
th e  l i g h t  p a th  was th e  prem ise o f  th e  d e s ig n , t h i s  s e c tio n  o f th e  MT" 
rece iv ed  s p e c ia l  a t t e n t io n  fo r  f u r th e r  design  im provem ents.
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3 . A tom isation  S ec tio n  o f  th e  "T" -  D esign C o n s id e ra tio n s
The stem  o r neck  p o r t io n  o f th e  "T" was alw ays k e p t h e a te d . 
T h is p a r t  o f th e  T!T" m ust s im u la te  a l l  phases o f a to m iz a tio n , th e  
v a p o r is a t io n  and a sh in g  s te p s  o f  com m ercial a to m iz e rs , a s  w e ll  a s th e  
a to m iz a tio n  s te p .  The "T" d e s ig n  m ust a ls o  in c o rp o ra te  a la rg e  
chamber as a p ro v is io n  f o r  th e  sam ple’s s o lv e n t e v a p o ra tio n . T his 
was e v id e n t from a c a lc u la t io n  o f  th e  r a p id  e v a p o ra tio n  and expansion  
o f  1 /u l o f  sample t o  1 .2 4  cc gas a t  room tem p era tu re  and f u r th e r  ex­
pansion  to  9 .5  cc gas a t  2000°C. T his cou ld  pose a  v e ry  d i f f i c u l t  
problem  i f  t h i s  expansion  occured  in s ta n ta n e o u s ly  ( f o r  exam ple, by 
a m in i-e x p lo s ic n  in  th e  a to m iz a tio n  cham ber). F o r tu n a te ly  th e r e  was 
a  f i n i t e  p e rio d  o f  tim e in  which th e  1 /u l  sample expanded t o  a  g a s , 
u s u a l ly  in  th e  o rd e r  o f one t o  two seco n d s. D uring t h i s  t im e , th e  
sample was c o n tin u o u s ly  drawn th ro u g h  th e  a to m iz a tio n  s e c t io n  to  th e  
l i g h t  p a th .
I f  an s u f f i c i e n t  volume f o r  expansion  were n o t  a v a i la b le ,  an 
in je c te d  sample l i t e r a l l y  exploded i n to  th e  l i g h t  p a th  and accu racy  
and r e p r o d u c ib i l i ty  were s e v e r ly  reduced .
C. Jo in in g  th e  A tom izer S e c tio n  t o  th e  C ro ss -p ie ce  S e c tio n  
A f te r  f a b r i c a t io n ,  th e  a to m iz a tio n  s e c t io n  must be jo in e d  
to  th e  carbon l i g h t  p a th . T his j o i n t  m ust be m ec h an ica lly  s tro n g  and 
a b le  to  w ith s ta n d  v e ry  h igh  te m p e ra tu re s . In  th e  p ro to ty p e  "Hollow T" 
m odel, and a l l  subsequen t carbon "T" d e s ig n s , t h i s  was accom plished  
th ro u g h  th e  use o f  f u r f u r y l  a ldehyde ( f u r f u r a l )  and an a c id .  In  p ra c ­
t i c e ,  th e  two p ie c e s  were f a b r ic a te d  to  make a m ec h an ica lly  t i g h t  f i t .  
A f te r  th e y  were p h y s ic a l ly  jo in e d ,  f u r f u r a l  was c a r e f u l ly  p ip e t te d  to
th e  j o i n t ,  w ith  subsequen t p i  n e t t in g  o f  ail a c id  such as HiJD ,  o r HC1,
3
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o r HqSO^. The a c id  caused th e  f u r f u r a l  to  p o ly m erize . T his r e s u l te d  
in  a v e ry  s tro n g  m echan ica l j o i n t  betw een th e  carbon p ie c e s  capab le  
o f w ith s ta n d in g  h igh  te m p e ra tu re s  and some m echan ica l shock .
D, L o ca tio n  o f th e  A tom isation  Chamber i n  th e  "T" Design
In  th e  o r ig in a l  "Hollow T" d esig n  and a l l  subsequen t carbon 
"Tfs " ,  th e  a to m isa tio n  s e c t io n  c o n s is te d  o f a v e ry  sm a ll h o le  d r i l l e d  
in  th e  stem  o r neck  p o r t io n  o f  th e  "T" c o n ta in in g  th e  v a p o r iz a t io n  
cham ber. A f te r  e v p o ra tin g  i n  th e  v a p o r is a t io n  cham ber, th e  sample 
was atom ised  w h ile  p a ss in g  th ro u g h  th e  sm a ll ho le  o f  th e  a tom iza­
t io n  cham ber. I t  was th en  drawn i n to  th e  l i g h t  p a th  where th e  ab so rp ­
t io n  -was m easured,
E . E v o lu tio n  i n  th e  D esign o f th e  Carbon "T"
The subsequen t e v o lu tio n  o f  t h i s  b a s ic  concep t has been 
i l l u s t r a t e d  i n  f ig u re  44 . The q u a rtz  d e s ig n  (44a) se rved  as th e  b a s ic  
u n i t  w ith  th e  "Hollow T" (44b) th e  n e x t s te p  to  be d ev e lo p ed . F u r th e r  
developm ents a re  shown conclud ing  w ith  th e  d e s ig n  o f a two s ta g e  a to ­
m izer em ploying a q u i te  d i f f e r e n t  concep t from  th e  p rev io u s  carbon 
"T’s"  ( f ig u re  4 4 f ) .
In  o rd e r  t o  overcome th e  d i f f i c u l t y  o f  power consum ption, th e  
n e x t e x p e rim e n ta l d e s ig n  s te p  in v o lv ed  a re d u c tio n  in  th e  p h y s ic a l  
s iz e  o f  th e  "T" by  60^ 5 ( f ig u re  4 4 c ) . T his u n i t ,  which cou ld  be dubbed 
th e  "M ini T ", re q u ire d  much l e s s  power to  ach iev e  a to m iz a tio n  "cham ber". 
T his co n ta in e d  th e  evo lved  g ases  o f  th e  e v a p o ra tin g  sample f o r  a b r i e f  
p e rio d  to  a llo w  a to m iz a tio n  t o  ta k a  p lace  more s lo w ly . W ithout th e  
i n s e r t  th e  sample was n o t  co n ta in e d  and was l o s t  from th e  a to m iz e r .
S e v e ra l carbon "T" a to m ize rs  were t r i e d  i n  th e  3 rd  housing  d esig n  
b e fo re  th e  f i n a l  form  (shown i n  f ig u re  44c) was developed . The
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FIGURE hU
This, f ig u re  i l l u s t r a t e s  th e  e v o lu tio n  i n  d e sig n  
o f  th e  Robinson Carbon A tom iser h o u s in g . The 
housing  may be d e s ig n a te d  a s :
a . o r ig in a l  Q uartz  "T" a to m ise r
b . ’’Hollow T" a l l  carbon a to m ise r
c .  :ILIini f "  a l l  carbon  a to m ize r
d . "E nlarged M ini T"j a l l  carbon a to m ize r (2 p iec e  d e s ig n )
e .  "E nlarged M ini T"j a l l  carbon  a to m ize r (3 p ie c e  d e s ig n )
f .  -Two s ta g e  th e rm a l v a p o r iz e r /a to m is e r
174
FIGURE 4 4
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com bination  o f  in c re a s e d  a to m iz a tio n  tim e and m u lt ip le  s te p  re d u c tio n  
in  th e  a to m iz a tio n  s e c t io n  im proved a to m iz a tio n  e f f i c ie n c y  by  in c r e a ­
s in g  th e  freq u en cy  o f  sample c o n ta c t  w ith  th e  a to m ise r  w a l ls .  However, 
r e p r o d u c ib i l i ty  tia s  s t i l l  somewhat dependent upon th e  tec h n iq u e  o f  th e
(S3)
o p e ra to r ..
The n e x t  developm en ta l s te p  in v o lv e d  an in c re a s e  i n  th e  s iz e  o f  ; 
th e  a to m ize r  h ousing  t o  c o n ta in  a l a r g e r  "T" em ploying a c o n fig u ra ­
t io n  u t i l i z i n g  im provem ents made on th e  reduced v e r s io n .  Knowledge 
gained  from  many d e s ig n  changes on th e  p rev io u s  reduced  v e rs io n  (M ini
T) was employed i n  d ev e lo p in g  th e  fo u r th  housing  and carbon "T"
(84)
( f ig u re  441)* I n i t i a l  d e s ig n s  o f th e  nev/ly e n la rg ed  "T" employed
la r g e r  a to m iz a tio n  chambers to  more e f f e c t iv e ly  c o n ta in  th e  ra p id  
sample e v a p o ra tio n . R e p ro d u c ib il i ty  was im proved over th e  t h i r d  hou­
s in g  and "T" d e s ig n , by red u c in g  th e  e f f e c t  o f d i f f e r e n t  i n je c t i o n  
te c h n iq u e s  by th e  o p e ra to r .  U n fo r tu n a te ly , s e n s i t i v i t y  was a ls o  r e ­
duced . In  a l l  o f  th e s e  carbon a to m iz e rs  d e s c r ib e d , s e n s i t i v i t y  was 
r e l a te d  t o  th e  p o r o s i ty  o f th e  carbon  a to m iz a tio n  s e c t io n .
F . Avoiding Sample Loss Due t o  Porous Carbon by th e  Use o f 
P y ro ly t ic  Carbon
Carbon p o ro s i ty  r e s u l te d  in  lo s s  o f  v a p o riz ed  m e ta l in  th e  
sample by  d i f f u s io n  th rough  th e  carbon w a lls  o f th e  "T" and th e r e fo re  
reduced  s e n s i t i v i t y .  T his problem  was a l l e v i a te d  to  a g r e a t  e x te n t ,  
by  p la c in g  a nan -porous p y r o ly t ic  su rfa c e  cm th e  carbon a to m iz e r .
T his was e a s i l y  accom plished by th e  a d d it io n  o f a  sm a ll amount 
( ty p ic a l ly  5-10$) o f  n a tu r a l  gas t o  th e  argon  gas atm osphere in  th e  
a to m ize r h o u sin g . The n a tu r a l  gas was added to  b o th  th e  argon gas 
flow  s h e a tin g  th e  e x te r io r  o f  th e  "T" and th e  argon  gas flow ing  th ro u g h
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th e  !,T,r c a rry in g  th e  sam ple.
At h igh  tem p era tu res  ( ty p ic a l ly  2000-2400°C) a v e ry  hard  pyro­
l y t i c  c o a tin g , m e ta l l ic  in  appearance and l i g h t  g rey  in  c o lo r ,  was 
a t ta in e d  a l t e r  f i f t e e n  to  f o r ty - f iv e  m inutes depending upon th e  i n i ­
t i a l  p o ro s i ty  o f  th e  carbon p ie c e s .
The decomposed methane p h y s ic a lly  bonded th e  la y e rs  o f carbon 
to g e th e r .  T his p reven ted  th e rm a l shock from fragm enting  th e  s u r fa c e . 
The n e t  r e s u l t  v/as a v e ry  h a rd , uniform  su rfa ce  which decreased  th e  
p o ro s i ty .  The py ro lyz ing  p ro cess  was undoub ted ly , th e  most im p o rtan t 
f a c to r  in  im proving th e  r e p r o d u c ib i l i ty .  The l ig h t  g rey  p y ro ly tic  
c o a tin g  was e a s i ly  d is c e m a b le  from th e  norm al rough b la c k  e x te r io r  
o f a carbon "T" which had been h ea ted  to  h igh  tem p era tu res  even fo r  
a  sh o r t  p e rio d .
The p y ro ly tic  c o a tin g  was e s s e n t ia l  f o r  h ig h  s e n s i t i v i t y  and 
a ccep tab le  r e p r o d u c ib i l i ty  on a l l  housing and "T" d e s ig n s .
IV . FTJP.THSA DlVSLORiariT OF THE CAA3CIT »T" AT0Z-HZ3E
Although th e  p rev ious endeavors j u s t  d e sc rib e d  invo lved  
many r e s e a rc h e rs ,  t h i s  a u th o r b e n e f ite d  from f i r s t  hand o b se rv a tio n , 
in c lu d in g  re s e a rc h  m eetings and p r iv a te  c o n v e rsa tio n s , of. th e  problem s 
and s o lu t io n s  t h a t  r e s u l te d  d u rin g  th e  course o f th e  developm ents j u s t  
d e sc r ib e d . E f f o r t s  to  produce a more a c c ep tab le  a to m ise r fo r  w ide­
spread  re se a rc h  or even commercial u se , le d  to  many changes in  th e  
Carbon "T" a to m ize r, m inor m o d if ic a tio n s  o f  th e  fo u r th  a tom izer hou­
sing  d esig n  and a ttem p ts  to  produce a carbon su rfa ce  even more im­
perv ious to  sample d i f fu s io n  a t  h igh  te m p e ra tu re s , th an  p y ro ly tic  
carbon . However, th e  problem o f power re q u ire d  fo r  a to m iza tio n
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c o n tin u ed  to  be th e  m ost d i f f i c u l t  o b s ta c le  to  overcome in  th e se  
s tu d ie  s .
A. The Power Consumption Problem o f th e  Carbon "T" D esign 
The problem  o f  power consum ption in  th e  carbon nT1 d esig n
v/as analogous to  th e  problem  o f th e  m e ltin g  p o in t  o f  th e  q u a rtz  in  
th e  o r ig in a l  T d e s ig n . R e p ro d u c ib il i ty  and s e n s i t i v i t y  o f  th e  q u a rtz  
a to m ize r were e x c e l le n t ,  b u t th e  l im i ta t io n  im posed by th e  m e ltin g  o f 
q u a rtz  hampered f u r th e r  a p p l ic a t io n  t o  th e  more r e f r a c to r y  m e ta ls .
The e a r ly  d e s ig n s  o f  th e  carbon  T a ls o  d em o n stra ted  good re p ro d u c ib ily  
and e x c e l le n t  s e n s i t i v i t y ,  b u t could  n o t  surm ount th e  problem  o r  power 
re q u ire d  f o r  a to m iz a tio n . The problem  was e v id e n t in  a l l  o f  th e  c a r ­
bon "T" d es ig n s  j u s t  d e sc r ib e d  as a much l a r g e r  mass o f  carbon had 
to  be h e a te d  th a n  th e  sm a ll , th in -w a l le d ,  carbon tu b e s  used in  com­
m e rc ia l  d e s ig n s . I t  e v e n tu a l ly  proved e a s i e r  t o  d e s ig n  a carbcn  "T" 
w ith  improved r e p r o d u c ib i l i ty  o r s e n s i t i v i t y ,  th a n  to  reduce th e  power 
re q u ire d  fo r  a to m iz a tio n . Subsequent changes i n  d e s ig n  were made to  
reduce pan-rer, w ith  th e  e f f e c t  on r e p r o d u c ib i l i ty  ana s e n s i t i v i t y  on ly  
n o te d .
B. D esign M o d if ic a tio n s  Made to  Reduce Power Consumption
1 . Changing th e  c r o s s - s e c t io n a l  a re a  t o  reduce power con­
sum ption
P rev io u s work and th e  c o n tin u in g  developm ent o f th e  
fo u r th  h o u s in g 's  a to m ize r by th e  a u th o r  a re  shown in  f ig u re  45* I t  
was found t h a t  th e  s iz e  o f  th e  e v a p o ra tio n  chamber cou ld  be e n la rg e d , 
w ith  a r e s u l t in g  re d u c tio n  in  o v e r a l l  power re q u ire m e n t, by employing 
l a r g e r  d iam e te r carbon w ith  r e s u l t in g  th ic k e r  w a lls  t h a t  low ered  th e
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This f ig u re  i l l u s t r a t e s  some o f  the v a rio u s  carbon a tom izers
te s te d  in  th e  fo u r th  a tom izer housing  d es ig n . A. carbon in s e r t
(n o t inc luded  fo r  c l a r i t y )  was used in  a l l  o f  th ese  d es ig n s .
The purpose of each design  may be summarized as fo llo w s:
1 . F i r s t  design  to  check the  a tom izer and housing  system .
(2  carbon p iec es  jo in e d )
2 . Narrowed s e c t io n  to  in c re a se  c o n ta c t  o f  sample w ith  
a tom izer w a lls  (2  carbon  p iec es  jo in e d ) .
3 . L arger e v ap o ra tio n  chamber to  improve r e p ro d u c ib i l i ty  o f 
v a p o riz a tio n  (2  carbon p iec es  jo in e d ) .
4 . Design to  s im u la te  3 s ta g e  a to m iza tio n  of commercial 
a tom izers w ith  an ev ap o ra tio n  chamber, "ash ing" chamber 
and a to m iza tio n  chamber (2  carbon p iec es  jo in e d ) .
3 . L arger v a p o riz a tio n  cham ber, and la rg e r  mass o f  carbon a t
th e  ju n c tio n  of th e  two carbon tu b e s , to  ex tend  the  l i f e  
o f  the  a tom izer (2 carbon p iec es  jo in e d ) .
6 . T h icker w a lled  v a p o riz a tio n  chamber to  in c re a se  power to  
a to m iza tio n  s e c t io n  (2 carbon p ieces  jo in e d ) .
7 . L arger v a p o riz a tio n  chamber and sm a lle r  h o le  fo r  atom i­
z a tio n  pa th  to  improve a to m iza tio n  e f f ic ie n c y  (2  carbon  p ieces  
jo in e d ) .
8 . Large v a p o riz a tio n  chamber w ith  th ic k  w a lls  to  in c re a se  
power to  s im ula ted  "ash in g "  and a to m iza tio n  chambers (3 
carbon p ieces jo in e d ) .
9- Shortened a to m iza tio n  pa th  fo r  h ig h e r tem pera tu res w ith  an 
en la rg ed  v a p o riz a tio n  chamber fo r  b e t t e r  r e p ro d u c ib i l i ty  
(3 carbon p ieces  jo in e d ) .
10. Compromise d esig n  fo r  v a p o riz a tio n  chamber s iz e  w ith
th ic k e r  w a lls  to  a llow  more c u r re n t  to  a to m iza tio n  s e c t io n ,
3 s ta g e  a to m iza tio n  s im u la tio n  w ith  an "ash ing" chamber, 
and th ic k e r  a to m iza tio n  s e c t io n  w a lls  fo r  prolonged l i f e  
o f  the  a tom izer (3 carbon p iec es  jo in e d ) .
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Various carbon "T" atom izers employed in  the  fo u rth  housing design .
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e f f e c t iv e  r e s is ta n c e  a llo w in g  more c u rre n t  to  reach  th e  h igh  tem per­
a tu re  a to m iza tio n  s e c t io n .  As a r e s u l t ,  l e s s  o v e ra l l  power was r e ­
q u ired  to  ach ieve  an a c c ep tab le  a to m iza tio n  tem p era tu re ,
2 . L im ita tio n s  p laced  on th e  w a ll  th ic k  o f th e  a tom iza­
t io n  s e c tio n  by e x te rn a l  sp r in g s  cm th e  a tom izer 
housing
I t  was a ls o  d e s i r a b le  t o  reduce th e  power consum ption 
in  th e  a to m iza tio n  s e c t io n . A compromise was su b seq u en tly  found be­
tween th e  carbon tube  w a ll  th ic k n e s s  and th e  re q u ire d  s t r e n g th  o f ' 
th e  a to m iza tio n  s e c t io n .  T his compromise was n e c e ssa ry  s in c e  con­
s ta n t  p re s su re  was p laced  on th e  "T" (by e x te rn a l  sp rin g s  on t h i s  
a tom izer housing  d e s ig n ) t o  ensure  good e l e c t r i c a l  c o n ta c t .  W ithout 
th e se  s p r in g s , th e  a tom izer expanded when h ea ted  from room tem pera tu re  
to  a to m iza tio n  tem p era tu re  and e l e c t r i c a l  c o n ta c t  was n o t  a ssu red  i f  
any subsequent change in  tem p era tu re  o ccu rred .
T his r e s u l ta n t  sp r in g  p re s su re  a ls o  l im ite d  th e  degree to  which
th e  l i g h t  pa th  carbon tube  w a ll  th ic k n e s s  could  be reduced . The
l ig h t  p a th  carbon le n g th  in  r e a l i t y  had v e ry  l i t t l e  e f f e c t  on s e n s i t i ­
v i t y ,  w ith in  th e  l im i t s  imposed by th e  a tom izer housing . V arious 
s iz e s  and le n g th s  e v e n tu a lly  r e s u l te d  in  a compromise l i g h t  p a th  le n g th  
o f  two in c h e s  w ith  an O.D. o f and an I .D . 3 /8 " .
3 . Design o f a 3 -p is c e  carbon "T" a tom izer to  f a c i l i t a t e
f a b r ic a t io n  o f  th e  a to m iza tio n  s e c tio n
The use o f la r g e r  d iam ete r carbon In  th e  v a p o riz a tio n  
s e c tio n  o f  th e  "T" posed a new problem over p rev io u s f a b r ic a t io n  e f f o r t s .  
The ev ap o ra tio n  and a to m iza tio n  c o n fig u ra tio n  had been p re v io u s ly
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f a b r ic a te d  by g rin d in g  down a g" d iam eter rod  on a la th e  to  th e  p roper 
o u ts id e  d iam ete r s p e c i f ic a t io n s ,  th en  d r i l l i n g  out th e  v a rio u s  i n t e r ­
i o r  cham bers. T his p ro cess  was te d io u s  and o ften  f r u i t l e s s ,  a s  th e  
narrow  a to m isa tio n  s e c tio n  e a s i l y  broke e i t h e r  du ring  th e  g rin d in g  
s te p  or th e  d r i l l i n g  s te p .  The s o lu tio n  to  t h i s  problem  was th e  
f a b r ic a t io n  o f  a "3 -p iece  T" w ith  se p a ra te  v a p o r is a t io n  and atom iza­
t io n  s e c t io n s .  As shown in  f ig u re  4 6 , t h i s  desig n  g r e a t ly  f a c i l i ­
t a te d  th e  c o n s tru c tio n  o f th e  "T". Jo in in g  th e  th re e  p iec es  p re ­
sen ted  no problem  as th e  f u r f u r a l  bonds were v e ry  s tro n g  m ech an ica lly
C. Development o f an Im pervious Carbide Surface to  Improve 
S e n s i t iv i ty
D ssign c o n s id e ra tio n s  a s id e , i f  th e  m a te r ia l  of th e  a to ­
m ise r could  be made more d en se , o r h a rd e r , th e n  lo s s  o f  th e  sample 
th rough  th e  w a lls  o f  th e  a tom izer would be reduced , and s e n s i t i v i t y  
im proved. A lthough a p y ro ly tic  c o a tin g  an th e  carbon made th e  d i f ­
fe ren ce  between no a b so rp tio n  o f  a sample and good s e n s i t i v i t y ,  i t  
was f e l t  t h a t  an im perv ious , more dense su rfa c e  c o a tin g  would improve 
th e  s e n s i t i v i t y  o f v e ry  r e f r a c to r y  elem ents w ith  h igh  b o i l in g  p o in ts  
such as p la tinum . A lthough th e  su b lim a tio n  o f  carbon has been ob­
served  to  be h ig h e r th an  th e  m e ltin g  p o in t o f  a l l  o th e r  e lem en ts, 
many compounds e x is t  w ith  h ig h e r m e ltin g  p o in ts .  C arbides o f  many 
t r a n s i t i o n  elem ents have ex trem ely  h igh  m e ltin g  and b o i l in g  p o in ts  
(Table 7 ) .  I f  a c a rb id e  c o a tin g  could be p laced  an th e  su rfa ce  o f 
th e  a tom izer carbon "T" th en  s e n s i t i v i t y  may be im proved.
The m e ltin g  p o in t o f  ZrC was approx im ate ly  th e  same as th e  sub­
lim a tio n  tem pera tu re  o f  carbon . I t  a ls o  has a hardness va lue  o f 7-9
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TABLE 7 MELTING POINTS OF TRANSITION METAL CARBIDES 
CARBIDE FORMULA MELTING POINT
Titanium Carbide TiC 3 1 6 0°C
Zirconium Carbide ZrC 3 0 3 0°C
Hafnium Carbide HfC 309O°C
Vanadium Carbide VC 2830°C
Niobium Carbide NbC 3 3 0 0 ° c
Tantalum Carbide TaC 3 8 8 0 ° c
Chromium Carbide CrC l 8 9 6 ° c
Molybdenum Carbide MoC 2 6 9 5 ° c
Tungsten Carbide WC 2630°C
Thorium Carbide ThC 2 6 2 5 ° c
Uranium Carbide u c 2450o C
Mixed Carbide 4TaC + IZrC ^205°C
Mixed Carbide ll-TaC + lHfC h-215°c
Although carbon haa a h ig h e r su b lim a tio n  tem pera tu re  than  th e  
m e ltin g  p o in t  o f a l l  o th e r  e lem en ts3 many compounds have h ig h er 
m e ltin g  p o in ts .  T ra n s it io n  m e ta l c a rb id es  a re  c h a ra c te r iz e d  by v e ry  
h igh  m e ltin g  p o in ts  and hardness v a lu e s .
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(on a s c a le  o f 1 -1 0 , t a l c  = 1 , diamond = 1 0 ) , w hereas Zr i s  3 ana 
carbon i s  1 -2 . T his hardness may produce th e  d e s ire d  im pervious 
su rfa ce  cn th e  "T". ZrC would a ls o  r e s i s t  o x id a tiv e  decom position 
o f  th e  su rfa ce  (a  problem  even f o r  p y ro ly tic  su r fa c e s )  as i t  would 
bum  in  th e  a i r  a t  h igh  tem p era tu res  b u t n o t  under a lone (o r A r) .
There could  be s e v e ra l  methods o f p la c in g  such a c o a tin g  on th e  
su r fa c e , th e  s im p le s t wa3 a ttem p ted . S e v e ra l o f  th e  ,!3 -p ie c e "  a to ­
m izers were soaked in  a s a tu ra te d  s o lu t io n  o f  ZrOiCAj^ in  va ry ing  
p e rio d s  from s e v e ra l  hours t o  s e v e ra l  d ay s . A fte r  s e v e ra l  hours in  
a d ry in g  oven, th e  flT11 was th en  p o s itio n e d  in  th e  a tom izer housing 
and slow ly  ra is e d  in  tem pera tu re  t o  2600°C. I t  was he ld  a t  t h i s  
tem pera tu re  f o r  app rox im ate ly  o n e -h a lf  hour in  th e  e x p e c ta tio n  of 
form ing ZrC on th e  su rface  (m elting  p o in t 352?°C).
I f  t h i s  method were s u c c e s s fu l ,  a s o lu t io n  o f 4  p a r ts  Ta(rD^)2 
and 1 p a r t  Zn (NO^ ) 2  would be employed to  produce an even h a rd e r  s u r ­
fa c e , T his com bination would r e s u l t  i n  a  mixed c a rb id e  w ith  a m e lt­
in g  p o in t  o f 4205°C. T his mixed carb id e  cam bination  i s  second only  
to  a mixed carb id e  o f  4  TaC to  1 HfC, which has a m eltin g  p o in t o f 
4215°C (th e  h ig h e s t carb id e  m eltin g  p o in t  In o x n ) .
S h o r tly  a f t e r  th e  norm al a to m iza tio n  tem pera tu re  had been ach iev ed , 
an unexpected in c re a s e  in  tem pera tu re  was n o ted  and power was quickly- 
reduced to  p rev en t th e rm al damage to  th e  a to m ize r housing . A t o t a l  n e t  
re d u c tio n  in  poaver o f  35% (from 28 amps p re v io u s ly  to  18 amps) then  
produced an a to m iza tio n  tem p era tu re  o f  2800°C.
This could cn ly  be due to  th e  immersion o f th e  "T" in  Zr (i'JO^g* 
i/hen th e  a to m iser was cooled  to  room tem pera tu re  and removed, th e re
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appeared to  be a unique new c o a tin g  on th e  su rfa c e  o f th e  a to m iza tio n  
s e c tio n  o f th e  "T". U nlike th e  h a rd , m e ta l l ic ,  l i g h t  grey  p y ro ly t ic  
c o a tin g  t h i s  su rface  was alm ost w hite  in  appearance and v e ry  h a rd .
T his c o a tin g  began to  f la k e  and f a l l  o f f  th e  "T" w ith o u t having been 
touched . A l / l 6 "  la y e r  came o f f  and th e  su rfa ce  o f carbon underneath  
t h i s  unusual c o a tin g  was b la c k  and v e ry  po rous.
These two o b se rv a tio n s , power change and c o a tin g  appearance, 
were co n c lu siv e  ev idence o f some in te r a c t io n  between th e  Zr(HO„) 
s o lu tio n  and th e  carbon o f th e  "T". I t  should  be n o ted  th a t  th e  
Zr ClTO-j) 2 'na^ p e n e tra te d  th e  hard  fa c to ry  p y ro ly t ic  c o a tin g  of th e  un­
hurried a to m iza tio n  s e c tio n  carbon ro d . These e f f e c t s  were n o ted  on
*
’"T" soaked fo r  long  p e rio d s  o f  tim e 2 d a y s ) , ho e f f e c t  was observed 
fo r  "T 's"  soaked in  th e  Zr s o lu t io n  f o r  a sh o r t  p e rio d  o f  tim e ( f ig u re
4 7 ).
These r e s u l t s  lead  to  th e  conclu sion  t h a t  th e  Zr had p e n e tra te d
la y e r s  o f g r a p h i te ,  fundam enta lly  changing th e  p h y s ic a l  s t r u c tu r e  o f
th e  g ra p h ite  su rface  by b r id g in g  a c ro ss  th e  unbended g ra p h ite  la y e r s .
(85-37)
T his phenomenon, known a s  g ra p h ite  i n te r c a l a t io n  i s  w e ll  documented. 
Depending upon th e  elem ent i n s e r te d ,  th e  g ra p h ite  s t r u c tu r e  may be­
come more or l e s s  e l e c t r i c a l l y  conductive (m e ta l l ic  elem ents g e n e ra l­
l y  in c re a se  c o n d u c tiv ity , and n o n -m e ta llic  elem ents such as F~ de­
c re a se  c o n d u c t iv i ty ) . The w a te r a c te d  a3 a v e h ic le  fo r  th e  io n iz e d  
elem ent to  s l id e  i n  between th e  la y e rs  and form s tro n g  bonds between 
th e  no rm ally  non-bonded la y e r s  o f th e  g ra p h ite  ( f ig u re  4 8 ) .  The 
p h y s ic a l evidence o f t h i s  has been .an  in c re a s e  in  th e  atom ic d is ta n c e  
between th e  g ra p h ite  p lan es  (a s  evidenced by a sw e llin g  o f th e  carbcn )
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and u s u a l ly  a change in  c o lo r  from  b la c k  to  brown, grcy^ b lu e  o r some 
o th e r  c o lo r .
These experim en ts were i n t e r e s t i n g  b u t d id  n o t  produce th e  de­
s i r e d  r e s u l t  -  a h a rd  c a rb id e  l a y e r  im perv ious to  a sample p laced  
an i t .  Some Zr soaked a to m ise rs  m ere ly  broke when h e a ted  to  a tom i­
z a t io n  te m p e ra tu re s . T h is was unexpected  a s  th e s e  te m p e ra tu re s  a re  
t y p ic a l l y  600-700°C below  th e  su b lim a tio n  tem p era tu re  o f  carbon 
C ^3500°C ).
A nother approach  to  t h i s  method would be a vacuum d e p o s itio n  
tech n iq u e  in  which a th in  w ire  o f  th e  m e ta l o f  i n t e r e s t  (Z r) i s  
i h e ld  in  p lac e  above th e  carbon su rfa c e  by  two e le c tro d e s  in  an evac­
u a ted  chamber 1 m icron p r e s s u r e ) .  The w ire  would th e n  s lo w ly  be 
h e a ted  t o  a tem p era tu re  app roach ing  th e  b re a k in g  p o in t  and th e  m e ta l 
v a p o riz ed  o f f  on to  th e  ca rb o n . Such a method could  produce th e  de­
s i r e d  ZrC su r fa c e  on th e  carbon when th e  "T" was h e a te d  to  a tom iza­
t io n  te m p e ra tu re .
F u r th e r  developm ent o f  th e  carbon "T" a to m ize r a t  t h i s  p o in t was 
d isc o n tin u e d  a s  machine shop c o n s tru c t io n  was com pleted o f th e  n e x t 
s ta g e  i n  th e  developm ent o f  non-flam e carbon a to m iz a tio n , th e  tw o- 
s ta g e  th e rm a l v a p o r iz e r /a to m iz e r  d e ta i le d  in  th e  n e x t c h a p te r .
V. RESULTS OBTAINED WITH THE IMPROVED CaRBON. T DESIGN
R e s u lts  o b ta in ed  w ith  th e  subsequen t ''3 -p ie c e  T" a to m ize r in d ic a te d  
t h a t  th e  problem  o f  r e p r o d u c ib i l i ty  had been g r e a t ly  improved ( f ig u re  
4 9 ) . D ata ta k e n  w ith  t h i s  "T", shown in  f ig u re  JO, a f t e r  a  s u i ta b le  
p y ro ly z in g  s te p ,  re v e a le d  i t  t o  be f a i r l y  in d ep en d en t o f  flow  r a t e  
o r  even tem p era tu re  (w ith in  a l im ite d  range o f  2000°C -  2400°C) f o r
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FIGURE 50
The f ig u re  i l l u s t r a t e s  th e  r e p r o d u c ib i l i ty  o f 
th e  3 -p ie c e  carbon "T" a to m iser shown in  f ig u re  
41-10 . The a b so rp tio n  peaks were o b ta in ed  from 
2 / i l  in je c t io n s  o f  a 0 .1  PR-1 Pb s o lu t io n .  The 
ab so rp tio n  i s  shewn as a fu n c tio n  o f 3 tem pera­
tu r e s  (2200°C, 2300°C and 2400°C) and sample 
flow r a te  th rough  th e  a tom izer (10 , 20, 30 and 
50 c c /m in ).
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2 Ml in je c t io n s  o f a 0 .1  PR-I s o lu t io n  o f le a d  (approx im ate ly  23% 
a b so rp tio n  fo r  2 x  10“^  g F b). I t  was a ls o  v i r t u a l l y  f re e  of 
m a tr ix  problem s ( f ig u re  51 )*
The on ly  rem aining problem  was th e  same one encountered  w ith  
th e  o r ig in a l  "Hollow T", th e  power re q u ire d  f o r  a to m isa tio n . Some 
su ccess  was noted,, however, even in  t h i s  a re a .  Prom th e  f i r s t  de­
s ig n  ( th e  "Hollow T") th e  power consum ption i n  th e  3 -p iec e  T had 
been reduced to  app rox im ate ly  a t h i r d  o f  th e  o r ig in a l .  However, fo r  
p r a c t i c a l  commercial use t h i s  s t i l l  posed somewhat o f a problem .
VI. CONCLUSIONS
Although th e  main rem aining  problem c o n f ra i t in g  t h i s  tech n iq u e  
o f  a to m iza tio n  (ex cessiv e  power requ irem en t) was n o t  com plete ly  s o l ­
ved , c o n s id e ra b le  p ro g ress  from th e  o r ig in a l  "Holloa-/ T" desig n  which 
u t i l i z e r e d  an a to m iza tio n  p ro cess  o u ts id e  th e  l i g h t  pa th  w e re :
1 . a v i r t u a l  e lim in a tio n  o f sample m a tr ix  in te r f e r e n c e s  ( a 
m ajor problem i n  com m ercial a to m iz e rs ) .
2 . a v a r i e ty  o f sam ples can be analyzed  ( s o l id s  as w e ll  as 
l i q u i d s ) ,
3 . good r e p r o d u c ib i l i ty  ( f a i r l y  independen t o f  flow  r a te  and 
tem pera tu re  w ith  a l im ite d  ra n g e ) .
4 . ease  o f  o p e ra tio n  (numerous sam ples may be in je c te d  in  a 
s h o r t  p e rio d  o f tim e ) .
5. g r e a t ly  reduced o p e ra to r  tech n iq u e  e r r o r s .
6 . f a s t  a n a ly s is  (no cooldown between samples re q u ire d  -  as in  
com m ercial sy s te m s).
7* complex power su p p lie s  t h a t  p rov ide p r e c is e ly  tim ed h e a tin g  
c y c le s  a re  n o t re q u ire d .
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The tec h n iq u e s  d e sc rib e d  a re  ex p erim en ta l in  n a tu re  and c e r t a in ly  
could  n o t  be e a s i ly  adopted  fo r  com m ercial u se . C onsiderab le  ex­
p e r t i s e  in  a tom izer d e s ig n , c o n s tru c tio n  and o p e ra tio n  i s  re q u ire d  
fo r  su c c e s s fu l  d a ta  a c q u is i t io n .  U ndoubtedly many f u r th e r  design  
changes v/ould be re q u ire d  to  produce a te c h n ic ia n  grade comm ercial 
u n i t  s u i ta b le  fo r  w idespread u se .
CHAPTER 5
DEVELOFI-EiJT OF A TWO STAGS THREHAL ATOI-IIZSP.
FOR 1STAL SP2CIATIOH AHALYSIS
HITRODUCTIOH
I t  has become in c re a s in g ly  ev id en t to  s c i e n t i s t s  a ttem p ting  to  
determ ine th e  b io lo g ic a l  o r environm ental im pact o f p o llu tio n  from 
m etal compounds, t h a t  d a ta  exp ress ing  only th e  t o t a l  c o n ce n tra tio n  of 
a m e ta l, would n o t re v e a l th e  p o te n t ia l  to x ic  e f f e c ts  o f the  m e ta l. 
The chem ical form of the  m eta l must be determ ined in  o rder to  g ive a 
t ru e  e s tim a tio n  of p o ss ib le  e f f e c ts  r e s u l t in g  from exposure to  the  
m e ta l.
D esp ite  t h i s  re c o g n itio n  of th e  need to  determ ine th e  sp ec ie s  
of a m e ta l, only a few methods have been rep o rte d  fo r  th e  de te rm i­
n a tio n  of th e  sp ec ie s  o f a m e ta l. The most common anproach has been
(8S-S9)
to  couple a m etal s p e c if ic  technique such as atom ic a b so ro tic n ,
(90-91) ‘ (92)
flame em ission , atomic f lu o rec en c e , in d u c tiv e ly  coupled
(93)
plasm a, e t c , ,  to  some chrom atographic system  which can sep ara te  
th e  m eta l sp e c ie s . The coupling techn ique has been v e ry  l im ite d , 
however, as evidenced by th e  f a c t  t h a t  only 150 a r t i c l e s  have appeared
(94)
in  th e  l i t e r a t u r e  d e sc r ib in g  such a com bination tech n iq u e .
O ther methods used fo r  m eta l sp e c ia tic n  d e te rm in a tio n s , n o t in ­
vo lv ing  a m eta l specific-chrom atography  d e te c to r ,  have inc luded  
(95)
Laser-Eaman and proton HMR. fo r  o rg an o m eta llic s , p H - t i t r a t io n - s ia e
(96-97)
se p a ra tio n  of m etal io n s . and d i f f e r e n t i a l  pu lsed  anodic
(93)
s tra p p in g . Of t h i s  number, v i r tu a l l y  a l l  techn iques employ a
chrom atographic se p a ra tio n  techn ique such as l iq u id  chromatography
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and gas chrom atography, v iith  an atom ic a b so rp tio n  d e te c to r .  The
(101)
f i r s t  such method was d e sc r ib e d  by Kolb, e t . a l .  in  1966.
S p a c ia tic n  was based  on th e  r e te n t io n  tim e in  th e  chrom atograph. A 
good example o f  t h i s  type  o f com bination techn ique  i s  th e  d e te rm i­
n a tio n  o f  lead  a lk y ls  i n  g a so lin e  by gas chrom atography-atom ic ab - 
(102)
s o rp t io n . In  t h i s  c a se , th e  GC-Aa system  d e te c te d  on ly  le a d
compounds, w hile  a GC-Flame Io n iz a tio n  system  reco rded  numerous peak3 
w ith  s im ila r  r e te n t io n  v a lu e s . The GC-Aa system  enabled  th e  s p e c i f ic  
d e te c tio n  o f th e  m eta l compounds in  th e  p resence o f o th e r  non-m etal 
compounds un reso lved  by th e  GC.
L iqu id  chrom atography ( in c lu d in g  io n  exchange, g e l  chrom ato­
graphy , and High P re ssu re  L iqu id  Chromatography) has a ls o  proven very  
u s e fu l  fo r  d e te rm in a tio n  o f  th e  sp e c ie s  o f  th e  m eta l u sing  atom ic
ab so rp tio n  as th e  d e te c to r .  The f i r s t  such LC-Aa tech n iq u es  were
(103) (104)
re p o rte d  in  1973 by I-Janahan and Yoza. Since th e n , t h i s
com binational tec h n ia u e  has accounted  fo r  app rox im ate ly  o n e -h a lf
(105)
o f th e  a r t i c l e s  re p o r t in g  s p e c ia t io n  by atom ic a b so rp tio n .
The im portance o f de te rm in in g  th e  sp e c ie s  o f  th e  m eta ls  p re s e n t  
in  b io lo g ic a l  and env ironm en ta l sam ples cannot be overem phasized.
The t o x i c i t y  o f  a m e ta l i s  d i r e c t l y  r e la te d  t o  i t s  chem ical form , 
which must be a s c e r ta in e d  to  make a c c u ra te  p re d ic t io n s  o f i t s  e f ­
f e c t s  an b io lo g ic a l  system . The to x ic i ty  o f a m eta l a s  a fu n c tio n  
o f th e  sp e c ie s  p re s e n t may be i l l u s t r a t e d  by th e  f a c t  t h a t  in h a le d  
h ex av a len t chromium i s  imme d ia te ly  absorbed i n to  th e  b loodstream  and 
e a s i ly  p e n e tra te s  th rough  th e  w a lls  o f red  b lood c e l l s .  Once in s id e ,  
th e  c e l l  i t  i s  q u ick ly  reduced to  th e  t r i v a l e n t  s t a te  which can b ind
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s tro n g ly  to  hemoglobin and in te r f e r e  -with i t s  a b i l i t y  to  t r a n s p o r t  
oxygen. In h a led  t r i v a l e n t  chromium i s  a ls o  absorbed q u ick ly  in to  
th e  b loodstream , b u t cannot pass  th rough  th e  -walls o f red  blood 
c e l l s .  As a r e s u l t ,  t r i v a l e n t  chromium i s  much l e s s  to x ic  than
th e  h ex av a len t form and th e  sa fe  exposure l im i t  by in h a la t io n  i s  .
(106)
much h ig h e r .
F o r b io lo g ic a l  sam ples, th e  chem ical fo rm -of a m e ta l may a ls o  
re v e a l  b io lo g ic a l  pathways or mechanisms, o r in d ic a te  th e  u ltim a te  
form a m e ta l ta k e s  i n  th e  body a f t e r  an i n i t i a l  exposure . For 
env ironm enta l sam ples, th e  d e te rm in a tio n  o f  th e  form o f th e  m eta l 
a llow s a more a c c u ra te  e s tim a te  t o  be made o f i t s  t o x i c i t y  and 
p o ss ib le  im pact on b io lo g ic a l  system s. I t  may a ls o  perm it the  
i d e n t i f i c a t i o n  o f  th e  sou rces o f  p o l lu t io n .  For exam ple, m ethyl 
m ercury could n o t a r i s e  d i r e c t l y  from combustion o f c o a l , b u t may 
l a t e r  r e s u l t  from  b io lo g ic a l  a c t io n  cn th e  same m ercury em iss io n s . 
T o ta l m ercury de te im ina ticm  would n o t r e v e a l  t h i s  sequence, bu t 
sp e c ia tio n  o f th e  m ercury compounds invo lved  would determ ine t h i s .
In  th e  few re p o r te d  cases o f th e  use o f Aa as a chrom atographic de­
t e c to r ,  th e  sp e c ie s  s tu d ie d  were e i th e r  organometal l i e  compounds w ith  
b o i l in g  p o in ts  low enough to  be e lu te d  th rough  a GC column to  th e  
d e te c to r ,  o r o rg an o m e ta llic  sp e c ie s  s u f f i c i e n t l y  d is s im i la r  t o  be 
se p a ra te d  by l iq u id  chrom atography. A v i r t u a l l y  unexplored  f i e l d  in  
m e ta l sp e c ia tio n  by AA i s  th e  p o s s ib i l i t y  o f d is t in g u is h in g  in o rg a n ic  
compounds from each o th e r , o r  from o rgan ic  sp e c ie s  in  b io lo g ic a l  o r 
o th e r  complex sam ples by d i r e c t  th erm al v a p o r is a t io n  o f th e  sample 
in to  th e  a to m ise r . In  p r a c t ic e ,  a p h y s ic a l b a r r i e r  to  t h i s  techn ique
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has been th e  ex trem ely  low v o l a t i l i t y  o f in o rg a n ic  compounds, which 
ren d e rs  gas chrom atography u se le s s  fo r  t h e i r  s e p a ra t io n . The lew 
io n ic  c o n c e n tra tio n  and io n ic  n a tu re  o f th e se  compounds a ls o  reduces 
th e  u se fu ln e ss  o f l iq u id  chrom atography tech n iq u es  f o r  t h e i r  se p a ra ­
t io n .
The a b i l i t y  to  d is t in g u is h  between d i f f e r e n t  chem ical forms o f 
a m e ta l would undoubtedly  have f a r  reach in g  consequences in  many 
f i e l d s .  For example, in  b lood sam ples, io n ic  cadmium may be r e l a ­
t i v e l y  i n e r t ,  b u t o rg a n ic a l ly  bound cadmium may have d isp la c e d  z in c  
in  enzymes, which undoubtedly  would r e s u l t  in  v e ry  im p o rtan t p h y sio ­
lo g ic a l  e f f e c t s  an th e  organism . S tu d ie s  o f t h i s  and o th e r  s im ila r  
phenomenon a re  c u r r e n t ly  hampered by th e  la c k  o f  s u i t a b le ,  s u f f i c i ­
e n tly  s e n s i t iv e ,  a n a ly t i c a l  te c h n iq u e s .
S p e c ia tio n  o f env ironm en ta l sam ples could  a ls o  have im p o rtan t 
consequences. In  a i r  p o l lu t io n  sam ples, i t  would be v a lu a b le  to  
e s ta b l is h  th e  sp e c ie s  o f m e ta ls  such as le a d , m ercury, cadmium, e tc .  
i n  o rd e r  t o  determ ine t h e i r  so u rc e s , chem ical f a t e ,  and p o s s ib le  
env ironm en ta l im p ac t.
An id e a l  In stru m en t capable  o f de te rm in ing  th e  sp e c ie s  o f  a 
m e ta l would meet th e  fo llow ing  s p e c i f ic a t io n s :
a . The tech n iq u e  must be s e n s i t iv e , because m e ta l compounds 
a re  o ften  p re s e n t  i n  v e ry  low c o n c e n tra tio n s ;
b . I t  should be ra p id  i f  p o s s ib le ;
c . In te r fe re n c e s  due to  th e  sample m a tr ix  m ust be m inim ized;
d . The in s tru m en t must be capable  o f reach in g  tem p era tu res  
s u f f i c i e n t  t o  v ap o rize  in o rg an ic  compounds;
e . Also., i t  i s  p re fe ra b le  t h a t  th e  in s tru m en t be low in  c o s t ,
and t h a t  th e  procedure be sim ple enough fo r  ro u tin e  a n a ly s is
f .  Accuracy and p re c is io n  a re  v i t a l .
An in s tru m e n t which has th e  p o te n t i a l  t o  meet th e se  c r i t e r i a  has
been conceived , b u i l t ,  and s u c c e s s fu lly  te s te d  t o  dem onstra te  th e  
p o s s ib i l i t y  o f  u s in g  th e rm a l methods o f  s e p a ra t io n , coupled  to  an AA 
d e te c to r .  T his in s tru m en t and th e  tec h n iq u e s  su b seq u en tly  developed 
f o r  m e ta l s p e c ia t io n 'w i l l  be th e  s u b je c t  o f  t h i s  c h a p te r .
The b a s is  fo r  t h i s  work began w ith  th e  o b se rv a tio n  o f  unique or 
c h a r a c t e r i s t i c  a b so rp tio n  t r a c e s  ob ta ined  from n a tu r a l l y  a c tiv e  
N a tio n a l Carbon. As p re v io u s ly  d e sc r ib e d  in  c h a p te r  2 , each in o rg a n ic  
compound te s te d  f o r  vapor p re s su re  su b seq u en tly  produced an a b so rp tio n  
t r a c e .  C h a ra c te r is t ic  o f t h a t  compound. These in o rg a n ic  vapo rs were 
absorbed co ld  onto th e  a c t iv e  carbon bed , and s t i l l  produced the  
c h a r a c te r i s t i c  t r a c e s  even when r a p id ly  heated  to  a to m iza tio n  temp­
e ra tu re  ( in  app rox im ate ly  30 seco n d s). One p o s s ib le  ex p la n a tio n  of 
t h i s  i s  t h a t  a com bination o f th e  chem ical form o f th e  sample and 
th e  unknown n a tu re  o f  th e  a c t iv e  s i t e s  wa3 re sp o n s ib le  fo r  t h i s  
phenomenon. I t  was th e  b e l i e f  t h a t  t h i s  unknown a d so rp tio n  e f f e c t  
could  be used to  s e l e c t iv e ly  v o l a t i l i z e  d i f f e r e n t  m e ta l s p e c ie s ,  t h a t  
le a d  t o  th e  desig n  and c o n s tru c tio n  o f a  p ro to ty p e  g ra p h ite  Aa a to ­
m izer t h a t  could  u t i l i z e  th e  e f f e c t .
The a d so rp tio n  e f f e c t  should  be g r e a t ly  enhanced i f  a slow con­
t r o l l e d  h e a tin g  r a t e  were employed, r a th e r  than  th e  ra p id  h e a tin g  
r a te  no rm ally  used to  e lim in a te  chem ical in te r f e re n c e  e f f e c t s  so 
much t h a t  i t  cou ld  be used to  i d e n t i f y  th e  chem ical form.
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U t i l i s a t io n  o f  t h i s  a d so rp tio n  e f f e c t  i s  n o t  p r a c t i c a l  u sing  
c o n v en tio n a l Aa. equipm ent. Applying a slow h e a tin g  r a te  to  a t y p i ­
c a l  a tom izer ( f ig u re  52 ) a llow s p a r t i a l  sample v a p o r iz a t io n , a t  th e  
reduced tem p era tu re s , however, a t  th e se  tem p era tu res  a to m iza tio n  i s  
v e ry  i n e f f i c i e n t .  S ince v a p o riz a tio n  and a to m iza tio n  ta k e s  p lace  
in  th e  l i g h t  p a th , a  v e ry  h ig h  background would be g e n e ra ted  which 
could  com plete ly  mask th e  atom ic s ig n a l ,  which would n o t  be m easur­
a b le  a c c u ra te ly .
The problem was overcome by employing a d u a l h e a tin g  fe a tu re  in  
th e  a to m ize r , a s  i l l u s t r a t e d  in  f ig u re  53* The a to m iza tio n  s e c tio n  
was k ep t s u f f i c i e n t l y  h ea ted  (1500-2000°C) t o  atom ize a l l  chem ical 
forms o f th e  m eta l i n  th e  sam ple. The o th e r  s e c tio n  prov ided  a slow 
slow c o n tro l le d  h e a tin g  r a t e  from room tem p era tu re  to  th e  a to m iza tio n  
tem p era tu re . The sample ’was vapo rized  in  one s e c tio n  and atom ized in  
th e  o th e r .  T his com bination allow ed v a p o r iz a tio n  as fu n c tio n  o f  th e  
bonding energy a n d /o r b o i l in g  p o in t  o f th e  sp e c ie s  t o  ta k e  p la c e , and 
p e rm itte d  a s e p a ra tio n  to  be based  on th e  th e rm a l v a p o r iz a tio n  tem­
p e ra tu re  ,
The v a rio u s  f a c to r s  t h a t  had to  be co n sid ered  in  th e  design  o f 
t h i s  d u a l fu n c tio n  a to m ize r w i l l  be d isc u sse d  in  some d e t a i l .  The 
techn ique  developed to  u t i l i z e  t h i s  in s tru m e n t w i l l  a ls o  be d isc u sse d , 
a s  w e ll  a s  p re lim in a ry  r e s u l t s  and s e v e ra l  d esig n  m o d if ic a tio n s  made 
on th e  p ro to ty p e  to  improve o v e ra l l  r e p r o d u c ib i l i ty  and s e n s i t i v i t y ,  
h e s u i ts  o b ta in ed  w ith  th e  improved design  w i l l  a ls o  be g iv e n .
I I .  SaFSPJI-JEI-ITAL EQUIPMENT USED III THE ATOMIC ABSORPTION SYSTEM
The v a rio u s  components which com prise th e  sing le-beam  atom ic
FIGURE 52
T his f ig u re  i l l u s t r a t e s  a com m ercially  designed  
g ra p h ite  tube  fu rn a c e . S o lven t e v a p o ra tio n , 
a sh in g  o f  sam ple, and a to m iza tio n  o f  v a rio u s  m eta l 
sp e c ie s  could be accom plished cm t h i s  d esig n  by 
employing a s u i ta b ly  slow h e a tin g  r a t e .  However, 
a to m iza tio n  a t  low tem p era tu re s  i s  v e ry  i n e f f i c i ­
e n t  and a la rg e  background from th e  sample m a trix  
would undoubtedly  mask th e  atom ic s ig n a l .
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FIGURE5 2
LIGHT PATH
GRAPHITE TUBE FURNACE
COMMERCIAL DESIGN
A = graphite tube 
B = carbon supports
C = brass housing 
D = water connections 
E = gas inlet 
F -  power connections
V a p o riz a tio n / a sh in g , and a to m iza tio n  a l l  ta k e  p lace  in  th e  
l i g h t  p ? th  in  t h i s  d e s ig n .
FIGUH3 53
This f ig u re  shows th e  c r o s s - s e c t io n a l  view of 
th e  th e rm al v a p o r iz e r /a to m iz e r . Power connec­
t i o n s ,  w ater c o o lin g , carbon su p p o r ts , gas i n ­
l e t s ,  vacuum o u t l e t ,  sample in je c t io n  p o in t ,  as 
w e ll  as th e  v a p o r iz a tio n  and a to m iza tio n  carbon 
tu b e s  a re  shown. A legend d e sc r ib in g  th e  m ate­
r i a l s  used in  each component i s  a ls o  g iv en .
FIGURE 53
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a b so rp tio n  system  used in  th e se  s tu d ie s ,  Mere th e  same a s  th o se  used 
in  th e  AA system  d e sc rib e d  in  th e  ex p erim en ta l a p p ara tu s  s e c tio n  ox 
c h a p te r  4* The on ly  component charge was th e  p ro to ty p e  a tom izer 
b u i l t  f o r  th e s e  s tu d ie s .
I I I .  EXPERIMENTAL DESIGN CONSIDERATIONS -  CONSTRUCTION OF THE ATONIC
SYSTEM
The b a s is  fo r  th e rm al carbon a to m iza tio n  housing  desig n  must 
beg in  w ith  a cognizance o f th e  p h y s ic a l c o n d itio n s  re q u ire d  f o r  th e  
a to m iza tio n  p ro c e ss . Some o f th e  most im p o rtan t fa c to rs , which must 
be co n sid ered  in  th e  design  o f  th e  a tom izer housing  a re :
I .  Housing components and m a te r ia ls  -  th e  b a s ic  c c n s id e ra t io n .
I I .  Atmosphere -  must be n a n -o x id iz in g .
I I I .  Power requ irem en ts -  h igh  c u rre n t  w ith  low v o lta g e .
IV. W ater co o lin g  -  to  p rev en t th e rm al damage to  housing 
components.
V. Vacuum system  -  to  draw th e  sample th rough  th e  carbon 
a to m ize r.
Some o f th e se  requ irem en ts  a re  i n t e r r e l a t e d  and w i l l  be d isc u sse d  
as th e y  a p p lie d  in  desig n  c o n s id e ra tio n  o f  th e  a tom izer u n i t rs com­
po n en ts . The b a s ic  housing  components were i l l u s t r a t e d  in  f ig u re  53=
A. Atom izer housing  body.
B. 'Hind1' and c e n te r  e le c tro d e s  w/power c o n n ec tio n .
C. Sample in je c t ! c n /g a s  purge d e v ic e .
D. Carbon su p p o r ts .
E . E l e c t r i c a l  in s u la to r s  fo r  th e  e le c tro d e s .
Each component was designed  fo r  maximum f l e x i b i l i t y  in  th e  event
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t h a t  th e  shape o r  s iz e  o f  th e  carbon a to m iz a tio n  and v a p o r iz a t io n  
tu b e s  had t o  be changed.
A lthough d e s ig n  flaw s in v a r ia b ly  occur an p ro to ty p e  i n s t r u ­
m ents cap ab le  o f  new p ro c e sse s  o r  te c h n iq u e s , th e  b a s ic  c o n s id e ra ­
t io n s  made a s  to  cho ice  o f  m a te r ia l  f o r  c o n s tru c t io n  and th e  u l t im a te  
3hape chosen f o r  th e  v a r io u s  components c o n s tru c te d  can be d e ta i l e d .
Of s e v e r a l  f a c to r s  t h a t  were c o n s id e re d  in  th e  p re lim in a ry  de­
s ig n  c o n c e p ts , th e  f i r s t  c o n s id e ra t io n ,  Inv o lv ed  th e  d is ta n c e  be­
tween th e  v a p o r iz a t io n  and a to m iz a tio n  s e c t io n s  (must be k e p t t o  a 
minimum t o  av o id  sample lo s s e s  t o  th e  carbon c o n n e c tio n s ) . The need 
fo r  t h i s  c o n s id e ra tio n  was d e r iv e d  from  e x te n s iv e  ex p erien ce  w ith  th e  
o p e ra tio n  o f  th e  Q uartz  ifTIT (d e sc r ib e d  in  c h a p te r  l ) . In  t h a t  de ­
s ig n  th e  d is ta n c e  in c r e a s e d ,  s e n s i t i v i t y  d e c re a se d . Maximum s e n s i ­
t i v i t y  r e s u l te d  when th e  bottom  o f  th e  q u a rtz  in n e r  s le e v e  c o n ta in ­
in g  th e  carbon  bed was ap p ro x im ate ly  l / l 6 "  from  th e  l i g h t  p a th .  T h is 
p a r t i c u l a r  problem  o f  co u p lin g  d is ta n c e  h a o p e fu lly  would be avoided  
i f  th e  two carbon tu b e s  were h e ld  as c lo se  to g e th e r  a s  p o s s ib le  in  
th e  new a to m ize r d e s ig n . T h is cou ld  be e a s i l y  accom plished  i f  b o th  
tu b e s  were h e ld  in  p la c e  by a common carbon su p p o r t . The concep t 
u l t im a te ly  le a d  t o  th e  d e s ig n  i l l u s t r a t e d .
Due t o  th e  f a c t  t h a t  th e  two s e c t io n ' s carbon  tu b e s  would be i n  
l in e  i t  was n o t  f e a s ib le  ( in  a  f i r s t  d e s ig n )  t o  a tte m p t t o  c o n s tru c t  
an u p r ig h t  d e s ig n  f o r  th e  h o u s in g . A v e r t i c a l  d e s ig n  would have been 
p re fe ra b le  by  u t i l i z i n g  co n v ec tio n  f o r  sample flo;-; i n to  th e  l i g h t  
p a th  a f t e r  v a p o r iz a t io n  ( to  p re v e n t lo s s e s  w hich cou ld  o ccu r i f  a 
sample were to  ev ap o ra te  in  a h o r iz o n ta l  c o n f ig u ra tio n  and flow  out 
th e  i n j e c t i o n  p o r t  a s  w e ll  a s  i n to  th e  l i g h t  p a th ) . A v e r t i c a l
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a to m ise r would have been v e ry  d i f f i c u l t  to  d e s ig n .u n fo r tu n a te ly , as 
an in je c te d  sample could  n o t  be e a s i l y  he ld  on a v e r t i c a l  v a p o ris a ­
t io n  tu b e . The design  o f a v e r t i c a l  housing  would have to  accomo­
d a te  a com plica ted  method f o r  sample lo a d in g . For t h i s  re a so n , a 
h o r iz o n ta l  c o n fig u ra tio n  was developed and employed in  th e  p ro to ­
type  m odel.
The second c o n s id e ra tio n  in v o lv ed  sample l o s s .  I t  was assumed 
t h a t  by a p roper com bination o f purge gas and vacuum flow  from th e  
a to m ise r , sample lo s s  th rough  th e  i n je c t i o n  p o r t  d u rin g  th e  v a p o r i­
s a t io n  s te p  could  be avo ided .
Two m inor f a c to r s  were c o n s id e re d . These c o n s id e ra tio n s  were 
made concern ing  th e  a to m iza tio n  tu b e . A r e l a t i v e ly  la rg e  h o le  in  a 
h ea ted  tube  could  e f f e c t iv e ly  se rve  to  atom ize th e  sample m olecules 
a lre a d y  v ap o rized  o f f  th e  v a r ia b le  tem p era tu re  s e c tio n  tu b e . I t  
was a ls o  presumed t h a t  a  h o le  d r i l l e d  i n  th e  a to m iza tio n  tube  -would 
s u f f ic e  fo r  an o p t ic a l  l i g h t  p a th . In  t h i s  case th e  le n g th  o f th e  
l i g h t  p a th  would on ly  be e q u a l t o  th e  d iam ete r o f th e  a to m iza tio n  
tu b e . The d a ta  concern ing  th e  v a l i d i t y  of th e se  assum ptions w i l l  
be d isc u sse d  in  th e  r e s u l t s  s e c t io n .
A. Components and M a te r ia ls  R equired -  The B asic  C o n sid e ra tio n  
i n  th e  d esig n  
1 , Body o f  a tom izer
a . M a te r ia l
One b a s ic  c o n s id e ra tio n  o f any p r o je c t ,  i s  th e  
choice o f m a te r ia ls  to  be u sed . The problem  o f  choosing an appro­
p r ia te  m a te r ia l  was p a r t i c u l a r ly  d i f f i c u l t  h e re  because th e
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c o n s tru c tio n  o f a carbon a to m ize r housing  re q u ire s  a m a te r ia l  capab le  
o f w ith s ta n d in g  h igh  te m p e ra tu re s . I t  must a ls o  be capab le  o f  be ing  
m achined, and l a t e r  may need to  be m o d ified . The body o f th e  a tom izer 
cou ld  have been made o f s t a in l e s s  s t e e l ,  b r a s s ,  copper, o r  any machin­
a b le  m e ta l. B rass was chosen due to  i t s  a b i l i t y  to  conduct h e a t 
th rough  i t s  c ro s s - s e c t io n a l  a re a  as w e ll  a s  a long  i t s  s u r fa c e . H eat 
conducted th rough  th e  c ro s s - s e c t io n a l  a re a  o f  th e  b ra s s  can be removed 
by w a te r c o o lin g . S ta in le s s  s t e e l ,  on th e  o th e r  hand, does n o t  e a s i ly  
conduct h e a t th rough  i t s  c r o s s - s e c t io n a l  a re a  and would reach  po ten ­
t i a l l y  hazardous tem p era tu re s  d u rin g  th e  a to m iza tio n  p ro c e ss . T his
fa c to r  would pose a problem  fo r  o th e r  housing  p a r t s ,  connected to  a
*
s t a in l e s s  s t e e l  body, a s th e y  would re c e iv e  and in o rd in a te  amount of 
h e a t due to  th e  h e a t b u ild u p  in  th e  body. I f  th e  m a te r ia l  o f th e se  
connected p a r t s  ( t e f lo n ,  p l a s t i c ,  b a k e l i t e ,  e t c . )  could  n o t w ith ­
stand  h ig h  te m p e ra tu re s , th e y  may be damaged.
b .  P ro v is io n  fo r  a w a te r-c o o lin g  ja c k e t
Heat conducted through the brass housing was removed 
by a w ater-cooled  jack et (fig u re  5 3 ). The b a s ic  part o f the body was 
fab ricated  from a 3 3/4" diameter brass rod. The in s id e  diameter was 
bored out t o  the required diameter (2 7/6'')* then the water jack et  
was cut out o f  the body on a m illin g  machine. Brass was not removed 
a t  the e x te r io r  p o r ts , such as the l ig h t  path h o les and power e le c ­
trode h o le s , so th a t th ese  ports could be connected by s i lv e r - s o ld e r ­
ing  to  an e x te r io r  brass tube. The water jack et was contained by t h is  
e x te r io r  tu b e. Water jack et i n l e t  and o u tle t  l/4 "  tubing connections  
were made to  the e x te r io r  body tube.
c . L ig h t p a th
-An im p o rtan t design  c o n s id e ra tio n  fo r  th e  c o n s tru c tio n  
o f an a tom izer housing i s  th e  p ro v is io n  t h a t  m ust be made f o r  th e  
lo c a tio n  o f th e  l i g h t  p a th . Based on ex p erien ce  gained  by p rev io u s 
d e s ig n s , t h i s  was e a s i l y  accom plished by b o rin g  two 3 /V  d iam ete r 
p a r a l l e l  h o le s  to  se rve  as th e  l i g h t  p a th  in  th e  body u n i t .  These 
h o le s  were th rea d ed  and two 3 /4 "  to  1 /2"  d iam ete r tu b in g  a d a p te r s ,  
which had been bored out t o  5/ 16" d iam e te r, were in s e r te d .  Q uartz 
d is c s  l /2 "  d iam ete r were h e ld  in  p lace  and "O'1 r in g  se a le d  to  th e  
a d a p te rs  w ith  l / 2 "  swagelok c ap s . The q u artz  d isk s  reduced th e  i n ­
t e n s i t y  o f  th e  l i g h t  source on ly  f iv e  p e rc e n t and allow ed th e  l i g h t  
beam to  be fo cu sed , w ith  th e  system  le n s e s ,  t o  th e  ho le  d iam e te r in  
th e  carbon tube  a to m iz e r , a s  shown in  f ig u re  54-
d . C enter e le c tro d e  p o r ts
Two p a r a l l e l  h o le s  in  th e  body u n i t  were s lig h tly -  
ta p e re d  to  a cc ep t an e l e c t r i c a l  i n s u la to r .  The ta p e r in g  e f f e c t  
a ssu red  a t i g h t  m echanical f i t ,  and cau lk in g  p ro v id in g  an a i r  t i g h t  
f i t ,  fo r  th e  in s u la to r  to  th e  body.
2 . Power e lec tro d es
Two b a s ic  d es ig n s  were developed . The c e n te r  e le c tro d e s  
were v e ry  sim ple i n  d e s ig n . The end e le c tro d e s  were an outgrow th o f  
a design  developed w ith  p rev io u s a tom izer h o u sin g s . Each design  w i l l  
be d isc u sse d  e x te n s iv e ly .
a .  Mate r i a l s
B rass was ag a in  th e  m a te r ia l  o f choice fo r  th e  fo u r  
power e le c tro d e s  because i t  could  e a s i ly  be w a te r-co o le d .
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FIGURE 54
T his f ig u re  i l l u s t r a t e s  th e  s ig n a l  p a th  components 
used in  th e  s in g le  beam AA system  employing th e  p ro ­
to ty p e  a to m ize r. The o p t ic a l  p a th  and d e te c tio n  
system s a re  shown. A part from th e  a to m ize r, the  
Aa. system  employed commercial components taken  from 
p rev ious components.
PHASE LOCKING
SIGNAL AMPLIFIER
POWER SUPPLY
MAGNET
5CHOPPER
)
RECORDERV -V A - *
t ( t t
HOLLOW cath o d e  
LAMP
FIGURE 5 4 VARIABLE -TEMPERATURE ATOMIZER 
OPTICAL and SIGNALING SYSTEMS L L
C
212
b . C en te r E le c tro d e s
As i l l u s t r a t e d  in  f ig u re  53> th e  d esig n  v/as v e ry  sim ple 
r e q u ir in g  o n ly  a  power c ab le  co n n ec tio n  and p ro v is io n  f o r  w a te r c o o l­
in g  . A  3 /4 "  d iam ete r h o le  vias d r i l l e d  i n  each  e le c tro d e  and a p la te  
v/as s i lv e r - s o ld e r e d  over th e  h o le  to  com plete a  w a te r j a c k e t .  A 
s ta n d a rd  1 /4 "  tuba  f i t t i n g  was a tta c h e d  and w a te r c o o lin g  was p ro ­
v id ed  by a l / l 6 "  tube  in s id e  th e  l / 4 "  tu b e  (which se rv ed  a s  th e  r e ­
tu rn  o u t le t  fo r  th e  e le c tro d e  to  th e  w a te r d r a in ) .
"0" r in g  grooves were p rov ided  to  en su re  an a i r - t i g h t  f i t  t o  th e  
body e l e c t r i c a l  i n s u l a t o r .  The "O" r in g s  a ls o  a id e d  in  a  f irm  mechan­
i c a l  a lignm en t o f  each  e le c tro d e  w ith  th e  c e n te r  carbon e le c tro d e  
h o ld in g  th e  carbon  v a p o r is a t io n  and a to m iz a tio n  tu b e s ,  V e r t ic a l  
h e ig h t a lig n m en t o f th e  c e n te r  carbon e le c tro d e  was v e ry  im p o rta n t 
in  th e  o p tim iz a tio n  o f th e  l i g h t  p a th  h o le  o f  th e  a to m iz a tio n  tu b e  
w ith  re s p e c t  to  th e  body u n i t .  The p a r t  o f th e  b ra s s  c e n te r  e le c tro d e  
h o ld in g  th e  c e n te r  carbon e le c tro d e  was ta p e re d  t o  p rov ide  a la rg e  
su rfa c e  a re a  o f  c o n ta c t  betw een th e  b r a s s  e le c tro d e  and th e  c e n te r  
carbon e le c t r o d e ,  and t o  a llo w  e x te r n a l  p re s su re  t o  be a p p lie d  t o  th e  
e le c tro d e  to  m a in ta in  good e l e c t r i c a l  c o n ta c t .
c .  End e le c tro d e s
The more com plica ted  d esig n  o f  th e  end e le c tro d e s  i n ­
c o rp o ra te d  p ro v is io n s  f o r  w a te r  c o o lin g , gas i n l e t  th ro u g h  th e  e le c ­
tro d e  to  th e  body i n t e r i o r ,  a ttach m en t to  a carbon su p p o rt f o r  th e  
carbon tu b e s ,  sample in je c t io n /g a s  purge on one end e le c t r o d e ,  and a 
vacuum co n n ec tio n  on th e  o th e r  e le c t r o d e ,  a s  w e ll  a s  th e  power cab le  
c o n n e c tio n . B rass was e a s i l y  f a b r ic a te d  t o  in c o rp o ra te  a l l  o f  th e se
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f e a tu r e s .
The w a te r  j a c k e t , gas i n l e t  and s p e c ia l  f e a tu r e s  o f th e  end 
e le c t ro d e s  were shown i n  f ig u re  53. Cn th e s e  e le c tro d e s  th e  "O" 
r in g  groove a ls o  se rv ed  to  p ro v id e  an a i r - t i g h t  m echan ica l f i t  t o  
th e  in s u l a to r s  on th e  body u n i t .  P o s i t io n in g  o f  th e  end e le c t ro d e s  
was n o t  as  c r i t i c a l  a s  th e  c e n te r  e le c t ro d e s  (where o p t i c a l  as  w e l l  
a s  p h y s ic a l  a lig n m en t i s  im p o r ta n t) .  The end e le c t ro d e s  were i n ­
s e r te d  i n to  th e  body i n s u l a t o r  u n t i l  a m ec h an ica lly  t i g h t  f i t  was 
o b ta in e d  f o r  each carbon  tu b e ,
3 . T e flcn  i n j e c to r /g a s  purge d ev ice
a . M a te r ia ls
As shown i n  f ig u r e  53 t h i s  p a r t i c u l a r  component cou ld  
have been c o n s tru c te d  o f  v i r t u a l l y  any m a te r ia l  due t o  th e  w a te r c o o l­
in g  f e a tu r e  o f th e  e le c t r o d e .  The ch o ice  o f  t e f l c n  was made f o r  sev ­
e r a l  re a s o n s , in c lu d in g  an in h e r e n t  r e s i s ta n c e  t o  c o n ta m in a tio n , and 
r e s i l i e n c e  a f t e r  re p e a te d  p o s i t io n in g s  and rem ovals.
b . Gas purge
A sample i n j e c t o r  and n i tro g e n  purge d ev ice  had been 
developed  f o r  th e  Q uartz "T" d e s ig n , and a l l  subsequen t a to m ize r 
h ousin g s have employed a s im i la r  d e v ic e . T h is d ev ice  f a c i l i t a t e s  
sample i n j e c t i o n  and p re v e n ts  a i r  from  le a k in g  i n to  th e  a to m ize r 
when th e  carbon  i s  h e a te d . The on ly  change made in  t h i s  component 
over p re v io u s  d e s ig n s  was th e  r e lo c a t io n  o f  th e  gas i n l e t  c lo s e r  t o  
th e  h o u s in g , and len g th e n in g  th e  sy rin g e  p a th  in  th e  i n j e c t o r  so  t h a t  
th e  ex cess  i n e r t  g a s , purged over th e  e n tra n c e , t r a v e le d  f a r th e r  
b e fo re  i t  e x i te d  th e  d e v ic e . T h is h o p e fu l ly  would avo id  a v o r te x  
e f f e c t  by th e  purge gas a t  th e  sample i n l e t  h o le ,  w hich may draw a i r
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i n to  th e  a to m ize r.
c . Sample in je c t io n
The sample i n je c t io n  p o r t  was designed  to  accommondate 
v a rio u s  sy rin g e s  and a u to p ip e t te s  (such as th e  Ham ilton jxL  s y r in g e , 
F irm p ip e tte  o r Eppendorf a u to p ip e t te ) .
4 . Carbon Supports
The s iz e  and shape requ irem en ts o f  th e  carbcn su p p o rt 
p ie c e s  were n o t  c r i t i c a l .  Each p ie c e , however, served  fo u r  b a s ic  
f u n c t io n s :
1 . To p rov ide  a m echan ica l suppo rt fo r  th e  carbon a n a ly s is  
tu b e s .
2 . To p rev e n t th e rm al damage to  th e  b ra s s  e le c t ro d e s .
3 . To ensure good e l e c t r i c a l  and m echan ica l c o n ta c t  t o  th e  
carbon tu b e s .
4 . To a llow  f l e x i b i l i t y  f o r  fu tu re  d esig n  changes in  th e  d i ­
m ensions o f th e  carbon tu b e s .
The f i r s t  fu n c tio n  was v e ry  im p o rtan t a s  th e  two a n a ly s is  tu b es  
must be h e ld  in  p re c is e  p o s i t io n s  w ith  re s p e c t  t o  th e  body u n i t  t o  
ensure  a c o r r e c t  p h y s ic a l and o p t ic a l  a lig n m en t. The carbcn tu b e s  
must a ls o  be h e ld  in  c lo se  p ro x im ity  and p a r a l l e l  to  each o th e r .
Carbon was th e  m a te r ia l  o f cho ice  fo r  th e  second requ irem en t as 
i t  p reven ted  con tam ination  o f th e  a n a ly s is  tu b e s  and e a s i l y  w ith sto o d  
c o n ta c t w ith  th e  a n a ly s is  tu b es  even a t  3000°C. H ost m achinable 
m eta ls  and a llo y s  cannot w ith s tan d  d i r e c t  c o n ta c t  to  carbon tu b es  
he ld  a t  h igh  a to m iza tio n  te m p e ra tu re s . In  th e  use o f la rg e  carbcn  
suppo rt p ie c e s ,  th e  la rg e  c r o s s - s e c t io n a l  a re a  o ffe re d  l i t t l e  r e s i s ­
tan ce  o f c u rre n t flow  and th e  a n a ly s is  tu b e s  were q u ick ly  h e a te d .
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The e le c tro d e  end of th e  support p iece remained b lack  to  v is u a l  ob­
se rv a tio n  th u s  p rov id ing  an e x c e lle n t h e a t s in k  which prevented 
therm al damage to  th e  b ra s s  c o rre c tio n .
E x c e lle n t e l e c t r i c a l  c o n ta c t, th e  t h i r d  requ irem en t, was assured  
using  carbon support p ieces  as t h i s  carbon to  carbon ju n c tio n  could 
be made to  f i t  t i g h t e r  m echan ica lly , than  a b ra s s - to -c a rb o n  f i t .  An­
o th e r  m ajor advantage o f u sing  carbcn su ppo rts  was t h a t  a t  th e  p o in t 
o f co n ta c t each carbon p iece  expanded w ith  th e  same degree o f therm al 
expansion . As a re s u i t , e l e c t r i c a l  c o n ta c t was m ain tain  a t  a l l  tem­
p e ra tu re s  and e s p e c ia l ly  du ring  a to m iza tio n . The d i f f e r e n t  degrees 
of therm al expansion o f th e  cax-bon support and th e  b ra s s  of th e  e le c ­
tro d e  a t  t h e i r  ju n c tio n  p o in t,  however, d id  n o t in te r f e r e  w ith  e le c ­
t r i c a l  c o n ta c t ,  a s  th e  carbon sw elled in s id e  th e  b ra ss  p o r t  provided 
fo r  th e  carbon su p p o rt, p rov id ing  an even t ig h t e r  m echanical f i t .
F l e x ib i l i t y  fo r  fu tu re  design  changes, th e  fo u r th  requ irem ent, 
was accom plished by s u b s t i tu t in g  another carbon support w ith  th e  r e ­
qu ired  dim ensions ( len g th  or hole d iam eter) to  hold th e  a n a ly s is  tu b e .
The e l e c t r i c a l  in s u la t io n  m a te r ia l  had to  be ab le  to  w ithstand  
.considerable ra d ia n t  h e a t .  P la s t ic s  were e a s i ly  fa b r ic a te d  bu t could 
n o t w ith stand  ty p ic a l  tem p era tu re ,a tta in e d  du ring  su s ta in ed  a to m iza tio n . 
High tem pera tu re  m a te r ia ls  such as t r a n s i t e  (a h a rd , b r i t t l e  a sb es to s  
based in s u la t in g  m a te r ia l)  o r m achinable ceram ic, fu n c tio n  w e ll fo r  
th e se  housing p a r t s ,  bu t have proven d i f f i c u l t  to  'fa b r ic a te  to  d e s ire d  
shapes ( and even more d i f f i c u l t  to  modify l a t e r ) .  M achinable ceramic 
would undoubtedly have been th e  m a te r ia l  o f choice fo r  t h i s  p ro to type  
a tom izer, however, th e  c o s t o f such la rg e  p ieces  (fo u r inches in
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d ia m e te r)  was p ro h ib i t iv e  (*^$250.00 e ac h —2 r e q u i r e d ) .  T ransit©  was 
th e  second c h o ic e , b u t due to  p o s s ib le  h e a l th  r i s k s  t o  LSU p e rso n n e l 
in  th e  m achining p ro c e s s , th e s e  p ie c e s  were f a b r ic a te d  by a  l o c a l  
i n d u s t r i a l  machine shop.
b .  M echan ica l su p p o rt
The power e le c tro d e  in s u l a t o r s  a ls o  had to  p rov ide  a 
s tro n g  m echan ica l su p p o rt f o r  th e  e le c t r o d e s .  T ra n s i te  can be d r i l l e d  
and a tta c h e d  by screw s d i r e c t l y  t o  th e  a to m ise r  h o u sin g . V/ith th e  
a d d it io n  o f  a c au lk in g  compound, an a i r - t i g h t  s e a l  was made betw een 
th e  i n s u l a t o r  and body h o u sin g . YJhen th e  e le c t ro d e s  were i n s e r t e d ,  
th e  com pression "0" r in g s  co m p le te ly  se a le d  th e  body i n t e r i o r  from 
a tm ospheric  oxygen.
3 . Housing atm osphere
The second f a c to r  t o  be c o n s id e re d  in  th e  d esig n  o f an a to ­
m izer was th e  need  fo r  an i n e r t  housing  a tm osphere . A tm ospheric oxygen 
e n te r in g  th e  a to m ize r housing  would v i r t u a l l y  d e s tro y  a  carbon elem ent 
h e a te d  over 2000°C w ith in  a  few m in u te s . A ll  rem ovable p ie c e s  on th e  
housing  body had t o  be s e a le d  p re fe ra b ly  by com pression "O'1 r in g s ,  or 
t e f lo n  s e a ls  i f  th e s e  c o n n ec tio n s  were s u f f i c i e n t l y  f a r  enough from 
th e  h e a ted  carbon ro d s to  avo id  th e rm a l decom position  o f  t e f l o n .
A lthough th e  gas had t o  be i n e r t  t o  p re v e n t o x id a t io n , i t  a ls o  
had to  p ro v id e  a "h ea t s h ie ld "  betw een th e  h ea ted  carbcn  and th e  a to ­
m izer h o u sin g . B ra ss  o r  s t a i n l e s s  s t e e l  h o u sin g s became b r i t t l e  when 
h e a te d  and coo led  re p e a te d ly . T h is e f f e c t  was v e ry  n o t ic a b le  i f  th e s e  
m a te r ia ls  were h e a ted  t o  te m p e ra tu re s  approach ing  th e  m e ltin g  p o in t  
o f  th e  m a te r ia l .  T h is  le a d  t o  problem s w ith  c ra ck s  in  th e  w ater
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co o lin g  ja c k e t  m a te r ia l  o f th e  housing .
Flowing gases w ith  la rg e  c o e f f ic ie n ts  o f  th e rm a l c o n d u c tiv ity , 
such a s  th e  noble  g a se s , can e f f i c i e n t l y  remove a g re a t  d e a l o f th e  
h e a t ra d ia te d  by th e  carbon tu b e s . T his g r e a t ly  extended th e  l i f e  o f 
th e  a to m ise r housing m a te r ia l .  Argon gas had a s u f f i c i e n t ly  h igh  co­
e f f i c i e n t  o f therm al c o n d u c tiv ity , a t  a reaso n ab le  c o s t ,  t o  fu n c tio n  
as th e  h e a t s h ie ld  and i n e r t  atm osphere i n  t h i s  a tom izer d e s ig n .
C. Power requ irem en t fo r  a to m iza tio n  tem p era tu re s
As d e sc rib e d  e a r l i e r  in  c h ap te r  4 /  one o f  th e  main o b jec ­
t iv e s  in  th e  c o n s tru c tio n  o f  an ex p erim en ta l carbon a tom izer was 
making th e  desig n  u s e fu l  and p r a c t i c a l  fo r  p o ss ib le  developm ent as a 
comm ercial u n i t .  T h is was d e s ira b le  so t h a t  th e  advantages o f th e  new 
methods and in s tru m e n ta tio n  could  be u t i l i z e d  by a la rg e  number o f  
re s e a rc h e rs ,  o r on a ro u tin e  b a s i s .
One o f th e  m ajor problem s encountered  in  our la b s  was th e  power 
supply  fo r  th e  ex p erim en ta l a to m iz e rs . Some d esig n s  re q u ire d  f iv e  o r 
s ix  k i lo w a tts  fo r  o p e ra tio n . This problem could  be a im p o rtan t stum­
b lin g  b lo ck  f o r  commercial a p p lic a t io n s  and was a m ajor concern in  th e  
desig n  o f t h i s  a tom izer system . I f  t o t a l  power consumption were h e ld  
to  l e s s  th en  2500 w a tts  (approx im ately  20 amps a t  120 v o l t s ) ,  th en  i t  
could  be assumed th a t  th e  design  had p o te n t i a l  f o r  ra p id  e x p lo i ta t io n .
U nlike comm ercial AA u n i ts  which re q u ire  p r e c is e ly  c o n tro lle d  
and tim ed h e a tin g  c y c le s , th e  power supp ly  f o r  t h i s  system  ( fo r  con­
tin u o u s  o p e ra tio n )  was sim ple i n  concept and o p e ra tio n .
The b a s ic  requ irem en t fo r  a l l  r e s is ta n c e  carbcn a tom izers was a 
power supply  capable o f h igh  c u rre n ts  a t  low v o lta g e s  f o r  s a fe ty  pu r­
po ses. Stepdown tra n s fo rm e rs  re g u la te d  by v a r ia b le  v o lta g e
FIGURE 55
Schem atic diagram  and component lay o u t o f  the  
e l e c t r i c a l  system  used in  th e  v a r ia b le  tem pera­
tu r e  a to m ize r. This was th e  f i r s t  c o n fig u ra tio n  
a f t e r  re -w ir in g  the  tran sfo rm ers  and v a r ia c  from 
use in  the  carbon " I "  d e s ig n , to  a form s u i ta b le  
f o r  th e se  s tu d ie s .
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tra n s fo rm a rs  proved to  be a s a f e ,  r e l i a b l e  method o f  powering th e  
v a rio u s  r a s is ta n c e  carbon d e v ic e s  t h a t  were developed .
During f i r s t  a ttem p ts  to  ach ieve  a to m isa tio n  w ith  th e  p ro to ty p e  
a to m ize r, th e  v a r ia c  c o n tro l l in g  power to  th e  v a p o r iz a tio n  s e c t io n  
was c o n tro l le d  m anually . The tem pera tu re  was in c re a se d  by tu rn in g  
th e  v a r ia c  i n  a s e r ie s  o f s te p s  tim ed by a s to p  w atch . T his p ra c ­
t i c e  was l a t e r  changed to  d r iv in g  th e  v a r ia c  w ith  a v a r ia b le  speed 
m otor connected by a p o s i t iv e -d r iv e  rubber b a i t .  The main e l e c t r i c a l  
system  i s  i l l u s t r a t e d  in  f ig u re  55 , The w elding c ab le s  were e a s i ly  
in s e r te d  and removed from th e  b ra s s  e le c tro d e s  by lo o sen in g  two s e t  
screws and s l id in g  ou t th e  b ra s s  connec tion  end fbom th e  e le c tro d e  
su p p o r t.
D. W ater coo ling
a l l  m e ta l l ic  components had to  be w ater cooled  to  p rev en t 
th erm al s t r e s s  and damage to  th e  components. Water coo lin g  fo r  each 
m e ta l component was d e sc r ib e d  in  th e  11 COUPONS riT 3 aND MATERIaLS RE­
QUIRED" se c tio n  given p re v io u s ly  and no f u r th e r  d e s c r ip t io n  here  i s  
n e c e ssa ry .
E . Vacuum system
The b a s ic  components o f t h i s  system  w ere; a diaphram  
pump; a b a l l a s t  re s e v o ir  t o  e lim in a te  th e  su rges r e s u l t in g  from th e  
a c tio n  o f th e  diaphram ; a flow m eter to  re g u la te  flow  th rough  th e  a to ­
m izer housing ; and a c o tto n  f i l t e r  to  p rev en t vapo rized  carbon p ie c e s  
o f  th e  a tom izer from c logg ing  up th e  diaphram . a s  i l l u s t r a t e d  in  
f ig u re  56 ,  a com bination o f vacuum and th e  v a rio u s  purge gas flow ­
m eters determ ined  th e  flow1 r a te  th rough  th e  v a p o r iz a tio n  tu b e .
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IV. EXPERIMENTAL RESULTS
A. P re lim in a ry  P re p a ra tio n s  R equired  to  Produce a F u n c tio n in g
Atom izer
P r io r  to  a c tu a l  d a ta  a c q u is i t io n ,  s e v e r a l  p re lim in a ry  s te p s  
were tak e n  t o  produce a w orkable a to m ize r from  th e  many p a r t s  d esig n ed  
and c o n s tru c te d .
1 . Carbon tu b e s  -  M o d if ic a tio n s  re q u ire d
A lthough th e  d im ensions o f  th e  carbon su p p o rts  and 
a n a ly s is  tu b e s  had been d esig n ed  f o r  ease  o f fu tu r e  m o d if ic a tio n s  
f i r s t ,  and th e  a to m ize r housing  desig n ed  t o  f i t  th e s e  d im ensions, a l l  
o f  th e s e  carbon  p ie c e s  were su b seq u e n tly  m o d ified  b e fo re  th e  f i r s t  
d a ta  cou ld  be o b ta in e d . Each carbon p iece  was f i t t e d  to  th e  o th e rs  
f o r  phs^sical (and o p t ic a l )  a lig n m en t.
The d im ensions o f th e  f i r s t  carbon tu b e s  w e re : 2" lo n g , 0 ,365"
O .D ., and 0 .281" I .D . f o r  th e  v a p o r iz a t io n  s e c t io n j  and 0 .9 "  lo n g ,
0 .365" O .D ., 0 .281" I .D . f o r  th e  a to m iz a tio n  s e c t io n .  Thin w a lled  
carbon tu b e s  have proven t o  be more re sp o n siv e  t o  an in c re a s in g  
v o lta g e  h e a tin g  c y c le ,  i n  com m ercial d e s ig n s . The above d im ensions 
r e p re s e n t  th e  t h in e s t  w a lled  tu b e s  t h a t  cou ld  be f a b r ic a te d  from th e  
carbcn  ro d s  used .
2 . M o d ifica tio n  t o  th e  e l e c t r i c a l  system
A fte r  a l l  e l e c t r i c a l  components had been assem bled 
and power was f i r s t  a p p lie d ,  th e  v a p o r iz a t io n  s e c t io n  tube  glowed 
w h ite  and f r a c tu re d  a t  3 0 % o f  f u l l  s c a le  on th e  v a r ia b le  v o lta g e  
tra n s fo rm e r  ( v a r ia c ) .  T his was due to  th e  f a c t  t h a t  in  th e  e l e c t r i c a l  
c i r c u i t  employed in  th e  carbon  "T" ex p e rim e n ts , (c h a p te r  U) 3 th e
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v a r ia c  was used as a rea c ta n ce  component ( f o r  i t s  r e s i s t iv e  v a lu e )  
r a th e r  th an  as a v o lta g e  c o n tro l l in g  d e v ic e . For t h i s  work th e  e le c ­
t r i c a l  c i r c u i t  re q u ire d  t h a t  a fundam ental rs-w iring be made of th e  
tra n s fo rm e rs , and v a r ia c .  T his was n e c e ssa ry  fo r  th e  v a r ia c  t o  have 
a more d i r e c t  c o n tro l  o f th e  v o lta g e  and r e s u l t in g  c u rre n t in  th e  
carbon tu b e s . The change allow ed th e  v a r ia c  t o  be u t i l i z e d  th rough­
ou t i t s  f u l l  range o f  r e g u la t io n .  By a t r i a l  and e r r o r  w irin g  o f 
th e  tra n s fo rm e rs , th e  tem p era tu re  in  th e  v a p o r iz a tio n  s e c tio n  could 
be v a r ie d  from room tem pera tu re  to  2400°C and th e  a to m iza tio n  s e c tio n  
s e t  a t  ~ 1500°C.
3 . "0" r in g  s e a ls  -  Requirem ent o f h ig h e r  tem pera tu re
rubber
During th e  t r i a l  and e r r o r  w irin g  c o r r e c t io n s ,  i t  was 
found t h a t  th e  c e n te r  e le c tro d e  "O" r in g  s e a ls  were d estro y ed  r a th e r  
r a p id ly  a t  su s ta in e d  a to m iza tio n  te m p e ra tu re s . To so lve  t h i s  problem  
h igh  tem p era tu re  V itan  "0" r in g s  were used . V iton rubber was capable  
o f w ith s ta n d in g  a su s ta in e d  tem pera tu re  o f 600°F. The im portance o f ' 
m a in ta in in g  th ese  s e a ls  has been emphasized in  th e  p rev ious desig n  
c o n s id e ra tio n  s e c t io n . The consequences o f le a k in g  s e a ls  were im­
m ed ia te ly  e v id e n t d u rin g  ex p erim en ta tio n  as th e  n o r m a l ly  s ta b le  
background s ig n a l  from th e  carbon tu b es  became v e ry  e r r a t i c .  Upon 
in s p e c tio n  th e  carbon tu b es  appeared v e ry  co arse  and p i t t e d .  An a i r  
le a k  a ls o  g r e a t ly  reduced th e  l i f e t im e  o f th e  a to m iza tio n  tu b e .
4 . L ig h t p a th  ho le  s iz e  -  As a l im i t in g  f a c to r  in  th e  
s tre n g th  o f th e  a to m iza tio n  tube
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The a to m iza tio n  tube  proved to  be v i r t u a l l y  th e  on ly  
m ajor source o f m echanical f a i lu r e  in  th e  a to m iz e r . The l i g h t  p a th  
ho le  d r i l l e d  in  t h i s  tu b e , cou ld  n o t be g r e a te r  th an  9 /3 2 " , or an 
imm ediate c o lla p se  occu rred  upon a to m iza tio n  of th e  rem aining tube  
w a ll  a t  th e  l i g h t  p a th  h o le . Even in  th e  absence o f an a i r  le a k , 
th erm al damage to  t h i s  tube  r e s u l te d  i n  an average l i f e t im e  o f l e s s  
th an  30 h e a tin g  and coo ling  c y c le s .
5. I^y ro ly tic  c o a tin g  requ irem ent fo r  ab so rp tio n  s ig n a ls  
The problem  of th e rm a l damage to  th e  carbcn tu b e s  was 
expected  from experience  gained  w ith  work on th e  carbon "T" d e s ig n .
In  t h i s  a to m ize r, as  w ith  th e  carbon "T", th e  requ irem en t fo r  a 
p y ro ly tic  c o a tin g  on th e  tu b es  su rfa c e s  was c r i t i c a l .  The tu b es 
were f a b r ic a te d  by d r i l l i n g  ou t carbon rods to  th e  req u ire d  in s id e  
d ia m e te r . T his r e s u l te d  i n  a  v e ry  porous i n t e r i o r  su rfa c e  fo r  each 
tu b e . T his problem  was f u r th e r  compounded by th e  procedure used to  
c le a n  th e  carbon tu b es b efo re  a c tu a l  u se . In  p r a c t ic e ,  bo th  tu b es  
were b rough t up to  a to m iza tio n  tem pera tu re  and h e ld  th e re  u n t i l  th e  
r e s u l t in g  a b so rp tio n  background was reduced to  a low c o n s ta n t l e v e l .  
D uring t h i s  cleanup  p e rio d  (which v a r ie d  from one tube  to  th e  n e x t ) ,  
th e  hard  fa c to ry  p y ro ly tic  e x te r io r  su rfa ce  was burned away, le a v in g  
a com plete ly  porous tu b e . I f  methane were n o t  added to  th e  a r  purge 
gas ( a t  about 5% c o n c e n tra tio n ) , then  no s ig n a l  r e s u l te d  from even a 
v e ry  co n cen tra ted  sam ple, which would soak i n to  th e  carbon when a p p lie d  
a t  room te m p e ra tu re . For ro u tin e  sam pling , py ro ly z in g  p e rio d  o f 15 
to  20 m inutes was u s u a l ly  s u f f i c i e n t  to  p lace  a r a th e r  hard  p y ro ly tic  
c o a tin g  on th e  i n t e r i o r  and e x te r io r  s u r fa c e s .  In  norm al p r a c t ic e ,
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b e fo re  th e  f i r s t  sample o f  th e  day was ru n , th e  background was checked 
by a norm al h e a tin g  and c o o lin g  cy c le  t o  de te rm ine  th e  c o n d it io n  o f 
th e  carbon tu b e s .  T h is was re p e a te d  u n t i l  two e q u a l background runs 
were o b ta in e d . Then, w h ile  th e  tu b e s  were h e ld  a t  a to m iz a tio n  temp­
e r a tu r e s ,  th e  methane was added to  th e  Ar purge g a s . The a d d it io n  o f  
methane sometimes produced v e ry  e r r a t i c  s ig n a ls  d u rin g  th e  p y ro ly s is  
s te p  (as t h i s  was m o n ito re d ) . T his may have been due to  oxygen, w a te r  
v a p o r, o r  m isce lla n eo u s  o rg an ic  sp e c ie s  in  th e  n a tu r a l  g a s .
To p rev e n t p o s s ib le  co n tam in a tio n  o f th e  carbon  tu b e s  o r th e rm al 
decom position  o f  th e  carbon tu b e s  by oxygen, a s e r i e s  o f  sc ru b b e rs  
was p lac ed  i n  th e  n a tu r a l  gas su p p ly . D r i e r i t e  was used to  remove 
w a te r , a c t iv a te d  c h a rc o a l  to  remove o rg an ic  p a r t i c u l a t e s ,  and h ea ted  
copper tu rn in g s  to  remove oxygen. These sc ru b b e rs  e lim in a te d  t h i s  
p o s s ib le  sou rce  o f  co n tam in a tio n  and subsequen t a b so rp tio n  s ig n a ls  
observed  d u rin g  th e  p y ro ly s is  s t e p ,  reached  a s te a d y  s t a t e  f a i r l y  
r a p id ly .
6 . Cool down p e rio d  re q u ire d  to  p re v e n t f l a s h  e v a p o ra tio n  
o f  aqueous sam ples
.The p y ro ly z in g  p e rio d  was fo llo w ed  by a c o o l down p e r­
io d  o f  a t  l e a s t  20 m in u te s . T his was th e  tim e re q u ire d  f o r  th e  a to ­
m iz a tio n  tu b e  to  c o o l t o  l e s s  th an  100°C. By to u ch in g  an Iron-C on-  
s ta n ta n  therm ocouple t o  th e  v a p o r iz a t io n  tu b e ,  a  tem p era tu re  o f  100°C 
was ..observed a f t e r  15 m in u te s , and ap p ro x im ate ly  90°C a f t e r  20 m in u te s . 
There was no f u r th e r  c o o lin g  o b served , due t o  th e rm a l co nvec tion  from 
th e  a to m iz a tio n  s e c t io n  which was alw ays l e f t  h e a te d . I n i t i a l  tem pera­
tu r e s  f o r  sample i n j e c t i o n  o f l e s s  th a n  100°C were d e s ir a b le  t o  avo id
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f l a s h  e v a p o ra tio n , and a p robable  lo s s ,  o f  some o f th e  sam ple. The 
v a l i d i t y  o f  th e  therm ocouple d a ta  was proven a s  a sample in je c te d  a t  
15 m inutes a f t e r  removing power from th e  v a p o r iz a tio n  s e c t io n ,  p ro ­
duced a r a th e r  s ig n i f ic a n t  s ig n a l  im m ediately  a f t e r  i n j e c t i o n .  This 
was observed to  be m olecu lar in  n a tu re  (by u s in g  a hydrogen lamp in ­
s te a d  o f th e  hollow  cathode lam p). VJhen an aqueous sample was i n ­
je c te d ,  a f t e r  20 m inutes o f  c o o lin g , no m olecu la r peak was observed .
B. R e su lts  O btained Employing th e  Equipment D escribed
1 . F b ^ O ^ g  a b so rp tio n  t r a c e
A fte r  the. p re lim in a ry  problem s had been so lv ed , s e v e ra l  
samples were run to  t e s t  th e  system . A fte r  a s u i ta b le  background ru n , 
p y ro ly z in g , and a co o l down p e r io d , a 1 j i l  sample o f Fb^JO^)^ was i n ­
je c te d  and th e  v a r ia c  in c re a se d  m anually  5 u n i ts  p e r  m inute u n t i l  th e  
maximum v o lta g e  (130 u n i ts  = 120 v o l t s )  was reach ed , ho s ig n a l  was 
a t ta in e d  u n t i l  a c o n c e n tra tio n  o f ICOOppm was t e s t e d .  For t h i s  
sam ple, a s ig n i f ic a n t  peak , app rox im ate ly  tw ice  th e  background, was
superim posed on th e  background s ig n a l ,  a t  app rox im ate ly  f u l l  power.
»
T his a b so rp tio n  s ig n a l  was f a i r l y  r e p ro d u c ib le . The c o n c e n tra tio n  
re q u ire d  was u n ex p ec ta n tly  h ig h , b u t p robab ly  r e s u l te d  from th e  p o ro s i ty  
o f  th e  v a p o r iz a tio n  tu b e , which allow ed th e  sample to  soak in to  th e  
g ra p h ite  m a tr ix  a t  room tem p era tu re .
2 . FbCtrO^)^ + EDTA ab so rp tio n  t r a c e
To t e s t  th e  a tom izer f u r th e r  a  1 :1  m ix ture  o f Pb(M0^)2 
and EDTA a t  th e  lOOCppm l e v e l  was in je c te d  and two peaks r e s u l te d .
The f i r s t  appeared a t  B00°C and th e  second, as b e fo re , a t  ~2000°C. 
F u r th e r  h e a tin g  to  2400°C was n o t re q u ire d  and subsequent ru n s were
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te rm in a ted  a t  120 on th e  v a r ia c ,  or/w2000°C.
3 . T3L in  a r t i f i c i a l  seaw ater a b so rp tio n  t r a c e
A sample was borrowed from an o th e r re s e a rc h  p ro je c t  
in  which T e tra -E th y l Lead (TEL), had been mixed w ith  an a r t i f i c i a l
(107)
seaw ater s o lu t io n .  There could  be s e v e ra l  le a d  compounds p re ­
s e n t  i n  t h i s  sample as th e  TEL undergoes a s e r i e s  o f decom position
re a c t io n s  v ia  th e  fo llo w in g  r o u te :
/ v  -  / v (108, 109)F b (E t), + Cl -* P b (E t)  C l S t"  '
I 2 c l " — ► Pb(Et)2Cl2 -K.E.t R l^ P bCln
VJhen o f t h i s  sample were in je c te d ,  th re e  peaks were o b ta in ed ;
probab ly  F b (E t)^ , P b fE t^ C l and a m ix ture  o f  P b (S t)2C l2 an^ PbCl2 .
T his a b so rp tio n  t r a c e  w i l l  be g iven  in  th e  n ex t se c tio n  where i t  w i l l  
be compared w ith  th e  a b so rp tio n  t r a c e  o f TEL ob ta ined  a f t e r  m o d ifica ­
t io n s  were made to  th e  system  to  improve sample r e p r o d u c ib i l i ty  and 
ease o f  o p e ra tio n .
C. M o d ifica tio n s  R equired to  Improve Sample R e p ro d u c ib il i ty  
and Ease o f  O peration
At t h i s  p o in t ,  th e re  appeared  to  be two problem  a re a s  which 
re q u ire d  some a l t e r a t io n s  in  th e  method. M anually tu rn in g  th e  v a r ia c  
was an im p rec ise  (and r a th e r  te d io u s )  method o f  in c re a s in g  th e  tem per­
a tu r e .  The problem  of th e  a to m iza tio n  tube  c rack in g  p reven ted  a 
s e r i e s  o f a n a ly se s  from be ing  run under th e  same c o n d it io n s .
1 . H o to r-d riv e  fo r  v a r ia c  to  improve h e a tin g  cy c le  r e ­
p ro d u c ib i l i ty
In  o rder to  c o r r e c t  th e  f i r s t  problem  a Byrd Kymograph, 
a dev ice  used in  b io lo g ic a l  and p h y s io lo g ic a l t e s t i n g  fo r  m o to r-d riv in g  
a sy r in g e , was adap ted  fo r  use in  m o to r-d riv in g  th e  v a r ia c .  A
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p o s i t iv e - d r iv e  ru b b e r b e l t  was used to  connec t th e  m otor and th e  
v a r i a c .  U n fo r tu n a te ly , o f  th e  f iv e  m otor speeds a v a i la b le  on th e  
Kymograph on ly  one cou ld  be used  to  tu rn  th e  v a r ia c  f u l l - s c a l e  in  a 
rea so n a b le  p e rio d  o f tim e , ap p ro x im ate ly  25 m in u te s . T h is m o d ific a ­
t io n  a d e q u a te ly  so lv ed  th e  problem  o f u n ifo rm ly  in c re a s in g  th e  v o l­
tag e  (and th e r e fo re  th e  te m p e ra tu re ) , a s  w e l l  a s  "autom ated '1 th e  
p ro c e ss  so  t h a t  p re p a ra t io n s  fo r  th e  n e x t sam ple cou ld  be made d u rin g  
an a n a ly s i s .  The t o t a l  e l e c t r i c a l  system  em ploying t h i s  change i s  
shown in  f ig u re  5 7 *
2 , Need f o r  a t h ic k e r  w a lle d  a to m iz a tio n  tube
The problem  o f th e  s h o r t  l i f e t im e  o f th e  a to m iz a tio n  
tube  was rem edied by u sin g  a th ic k e r -w a l le d  a to m iz a tio n  tu b e . Both 
s e c t i o n 's  carbon ro d s were su b seq u e n tly  f a b r ic a te d  by d r i l l i n g  ou t 
th e  carbon  ro d s t o  a l / 4 " (0 . 2 5 0") d iam e te r  h o le  (from  th e  p re v io u s  
0 ,281" p r  9 /32" I .D . ) .  T h is g r e a t ly  ex tended  th e  l i f e  o f b o th  se c ­
t i o n 's  tu b e s  a s  th e  p y r o ly t ic  c o a tin g  appeared  to  be more un ifo rm  f o r  
th e  th ic k -w a lle d  tu b e s .
The new th ic k  w a lled  tu b e s  re q u ire d  more power t o  rea ch  a to m iza­
t io n  te m p e ra tu re s . By re w ir in g  th e  t r a n s fo rm e rs ,  2000°C was a t t a in e d  
a t  f u l l  s c a le  on th e  v a r i a c .  The r e p r o d u c ib i l i ty  o f  th e s e  new tu b e s  
was n o t ic a b ly  b e t t e r .  The p re v io u s ly  d e sc r ib e d  sam ples were r e ru n . 
Lead n i t r a t e  a g a in  v a p o riz ed  o f f  a t  2000°C. The Pb(NO 3 )2  -  EDTA mix­
tu r e  was e s s e n t i a l l y  unchanged b u t th e  TEL in  a r t i f i c i a l  seaw ate r le a d  
peaks were observed to  have v o l a t i l i z e d  a t  a h ig h e r  te m p e ra tu re s . The 
e f f e c t  o f th e  th ic k e r  w a lle d  tu b e s  on tem p era tu re  a t  th e  low er end o f  
th e  h e a tin g  c y c le  ’was a p p a re n t . The r e s u l t s  o f  th e  sam ples run  on 
th e  t h i c k  w a lled  tu b e  a re  shown i n  f ig u re s  52-59 . T his d a ta  c l e a r ly
FIGUH3 57
This f ig u re  i l l u s t r a t e s  th e  f i n a l  co n fig ­
u ra tio n  o f th e  e l e c t r i c a l  system used in  
th e  therm al v a p o riz e r/a to m iz e r  system , a f t e r  
m odifying th e  v a r ia c  to  a llow  i t  to  be motor- 
d riv en .
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FIGURES 53-59
These f ig u re s  show th e  v a r ia c s  a b so rp tio n  t r a c e s  
ob ta in ed  w ith  th e  f i r s t  carbon tube d e s ig n s . T e tra -  
E th y l Lead in  seaw ater^ Fo tiJO ^^, Fo-EDTA, FbCl^, 
and FbCO^ a l l  gave unique c h a r a c te r i s t i c  a b so rp tio n  
t r a c e s  when v apo rized  o f f  th e  carbon tu b e s . These 
d a ta  were tak en  w ith  th e  m o to r-d riv en  v a r ia c  ( fo r  
r e p r o d u c ib i l i ty ) ,
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in d ic a te s  a therm al v a p o riz a tio n  e f f e c t  r e la te d  to  b o i l in g  p o in t or 
some o th e r p h y s ic a l c h a r a c te r i s t ic  o f th e  v a rio u s  compounds.
D. Data C o llec ted  Employing th e  Motor -  Driven V ariac (Auto­
mated System) Method
1. Ino rgan ic  le a d  compounds te s te d
At t h i s  p o in t ,  many samples were ru n , in c lu d in g  Pb(C l)2 , 
PbSO^, PbCO^, Pb(EO^)^ ( f ig u re  6 0 ). FbSO^ was n o t s u f f ic ie n t ly  so lu ­
b le  in  w ater to  produce a s ig n a l .  The most in te r e s t in g  d a ta  was ob­
ta in e d  w ith  P (A ce ta te )2 .
2 . Lead (A ce ta te )2
As d esc rib ed  b e fo re , t o t a l  a n a ly s is  time u su a lly  r e ­
qu ired  approxim ately  one hour (25 m inutes a n a ly s is ,  20 m inutes py ro - 
ly z in g  and 20 m inutes coo l down). A sample o f Pb (A cetate) analyzed
tit
im m ediately a f t e r  d is s o lu t io n  rev ea led  two peaks, a s iz e a b le  peak, 
a t  a.650°C and a sm a lle r peak a t  <V2000°C. tihen t h i s  sample was r e ­
peated  on th e  n e x t h e a tin g  c y c le , th e  f i r s t  peak a t  ~650°C was much 
sm a lle r , and th e  second peak a t  -2000°C was l a r g e r .
The n ex t day, th e  same sample was analyzed and th e  f i r s t  peak 
had d isappeared  and th e  second was la rg e r  th an  on th e  p rev ious day.
To determ ine w hether t h i s  was due to  a system  m alfu n c tio n , th e  se­
quence was repeated  e x a c tly  as b e fo re . VJhen a new so lu tio n  was te s te d  
im m ediately a f t e r  d is s o lu t io n ,  th e  f i r s t  peak was la rg e  and the  second 
was sm all. Subsequent an a ly ses d u p lic a te d  th e se  r e s u l t s .  These ab­
so rp tio n  t r a c e s  a re  i l l u s t r a t e d  in  f ig u re  61. There could be two 
p o ss ib le  ex p lan a tio n s fo r  t h i s  d a ta ,  e i th e r  a h y d ro ly s is  e f f e c t  
(which i s  n o t l ik e ly  a t  th e  d is s o lu t io n  pH o f 5 .5 ) or a p o ss ib le  slow
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FIGURES 61-62
A bsorption  t r a c e s  o f Lead A ceta te  a t  v a rio u s  tim es 
a f t e r  d is s o lu t io n  o f th e  s a l t  a re  shown in  f ig u re  
61. A r a th e r  v o l a t i l e  sp e c ie s  was observed i f  th e  
sample were ana ly sed  im m ediate ly  a f t e r  d i s s o lu t io n .  
T his peak d isap p ea red  w ith  t im e , le a v in g  on ly  a peak 
which v o l a t i l i z e d  a t  th e  end o f  th e  h e a tin g  cycle  
( ty p ic a l  o f in o rg a n ic  le a d  s p e c ie s ) .
S e v e ra l in o rg a n ic  cadmium compounds a b so rp tio n  t r a c e s  
a re  shown in  f ig u re  62.
The d a ta  i n  b o th  o f  th e se  f ig u re s  were ob ta in ed  w hile  
u s in g  th e  m o to r-d riv en  v a r ia c  system .
f
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h jtl ra t io n  e f f e c t  around th e  lea d  c e n te r .  A hy d ra ted  sp e c ie s  would 
be more in o rg a n ic  i n  n a tu re  and v o l a t i l i z e  o f f  a t  a h ig h e r tem pera­
t u r e .
3 . Cadmium compounds t e s te d  w ith  th e  m o to r-d riven  v a r ia c  
method
S e v e ra l in o rg a n ic  cadmium compounds were t e s te d  i n ­
c lu d in g  CdCl2 , CdSO^, Cd^JO^Jg a CdfNO^^ ~ EDTA s e r ie s  comperable to  
th e  le a d  s e r i e s ,  and C d(A ceta te)2 . The Cd(NO^^ and Cd(C l)2 came o f f  
th e  v a p o riz a tio n  tube  a t  th e  end o f th e  h e a tin g  cycle  ( ty p ic a l  o f  th e  
in o rg a n ic s  t e s t e d ) ,  b u t CdSO^ came o f f  much e a r l i e r .  T his was n o t 
expected  as th e  b o i l in g  p o in t o f  CdCCl)^ i s  low er (960°C) th an  th e  
m e ltin g  p o in t o f  CdSO^ (1000°C). These a b so rp tio n  t r a c e s  a re  shown 
i n  f ig u re  62. The C d(A ceta te )2 s o lu t io n ,  u n lik e  th e  Pb(A cetate 
s o lu t io n ,  produced on ly  one peak a t  th e  end of th e  h e a tin g  cycle
s im ila r  to  CdCl2 i s  low er (960°C) th an  th e  m olting  p o in t o f CdSO,
4
(1000°C). These a b so rp tio n  t r a c e s  a re  .shown in  f ig u re  62. The 
C d(A cetate)2 s o lu t io n ,  u n lik e  th e  F b (A ce ta te )2 s o lu t io n ,  produced only 
one peak a t  th e  end o f  th e  h e a tin g  cycle  s im ila r  to  CdCl2 . The Cd-CDTA 
3 e r ie s ,  however, produced r e s u l t s  v e ry  s im ila r  to  th e  PbiSDTA s e r i e s .
The f a c t  t h a t  1000 PPM s o lu t io n s  o f  Cadmium were a ls o  re q u ire d  
was d is tu rb in g ,  as t h i s  elem ent in v a r ia b ly  has a much low er d e te c t io n  
l im i t  th an  le a d  on any Atomic A bsorp tion  system . T his dem onstrated  
again  th e  problem  o f th e  sample soaking  in to  th e  carbon tube  d e sp ite  
th e  p y ro ly t ic  su rfa c e  a p p lie d .
4 . ’'Bending" e f f e c t  o f m eta l compounds an th e  carbon 
v a p o r iz a tio n  Tube
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The cadmium and Lead d a ta  j u s t  d e sc rib e d  i l l u s t r a t e  th e  
unique "banding e f f e c t 11 o f  carbon to  c e r ta in  compounds, d e sc rib e d  in  
th e  m e ta l s a l t s  c h a p te r  o f  t h i s  d i s s e r a t io n .  3 o i l in g  p o in t a lone 
cannot be used a3 th e  so la  c r i t e r i a  fo r  p re d ic t in g  when (o r in  vihat 
o rd e r)  c e r ta in  compounds w i l l  come o f f  th e  carbcn  v a p o riz a tio n  tu b e .
The bonding e f f e c t  i s  a ls o  i l l u s t r a t e d  in  th e  d i f f e r e n t  abso rp ­
t io n  shapes o b ta in ed  f o r  th e  v a rio u s  compounds -  a phenomenon no ted  
e a r l i e r  i n  th e  s tu d ie s ' o f th e  vapor p re ssu re  o f m e ta l s a l t s  w ith  
a c t iv e  carbon . As a r e s u l t ,  th e  c h a r a c te r i s t i c  shape o f  th e  curve 
o f a compound could  be as im p o rtan t as th e  o rd e r , or tem p era tu re , in  
which th e  compound v a p o riz e s  o f f  th e  carbon tu b e .
E . Hew Techniques Developed and Data O btained Employing th e  Hew
Techniques
Once re p ro d u c ib le  d a ta  could  be o b ta in ed  r o u t in e ly ,  th e  
fo rm idab le  problem  o f  s e n s i t i v i t y  could  be s tu d ie d . Carbon atom iza­
t io n  had been e x te n s iv e ly  e x p lo i te d . One p o s s i b i l i t y  t o  overcome th e  
ever p re s e n t p o ro s i ty  problem  d isc u sse d  in  c h a p te r  4 would re q u ire  
t h a t  th e  tu b es  used in  th e se  s tu d ie s  be p repared  in  th e  same manner 
a s  th o se  used in  com m ercial f la m e le ss  a to m ize rs . Commercial Aa c a r ­
bon tu b es  have been f a b r ic a te d  by p re s s in g  g ra p h ite  t o  th e  re q u ire d  
shape and th en  th o ro u g h ly  p y ro ly z in g  th e  in s id e  and o u ts id e  u n ifo rm ly . 
I f  such a method were a v a i la b le  f o r  t h i s  a to m ize r, th en  th e  p o ro s i ty  
problem would be e s s e n t i a l l y  e lim in a te d .
1 . Molybdenum a tom izer developed a s  an a l t e r n a t iv e  to  th e  
porous carbon tu b es
Due to  th e  f a c t  t h a t  th e  methods used com m ercially  to
produce a hard  p y ro ly tic  su rfa ce  were n o t a v a i la b le ,  a new den ser 
m a te r ia l  was re q u ire d  t h a t  could  p rev en t th e  sample from soaking 
in to  th e  tu b s .  One such m a te r ia l  a v a i la b le  was molybdenum m e ta l. 
V ap o riza tio n  and a to m iza tio n  tu b e s  were f a b r ic a te d  from  l /4 "  d ia ­
m eter molybdenum ro d s . The v a p o r iz a tio n  tube  cou ld  on ly  be made 
1 1 /2 "  long  due t o  th e  extrem e d i f f i c u l t y  o f b o rin g  ou t th e  Molyb­
denum. ro d . Molybdenum i s  v a ry  b r i t t l e  a s  w e ll  a s  v e ry  h a rd , and 
s t e e l  d r i l l  b i t s  do n o t e a s i ly  p e n e tra te  i t .  T his m e ta l a l3 o  cracked  
leng thw ise  v e ry  e a s i ly  d u rin g  a ttem p ts  to  produce a v e ry  th in u a l le d  
tu b e . The f i r s t  u sab le  molybdenum tu b e s  d im ensions were : le n g th
1 1 /2 " , Q.D. i / 4 " ,  I .D . 3 /16" fo r  th e  v a p o r iz a tio n  s e c t io n ;  and 
le n g th  0 .9 " ,  O.D. l / 4 " ,  1*2. 3 / l6 "  fo r  th e  a to m iza tio n  s e c t io n .  The 
l i g h t  p a th  h o le  could  n o t  be d r i l l e d  la r g e r  th an  3 /16" w ith o u t b reak ­
in g  th e  tu b e .
The change i n  d iam ete r o f  th e se  rods from th e  carbon rods r e ­
q u ired  t h a t  new and e le c tro d e  carbon su p p o rts  be made to  ho ld  th e  
new molybdenum tu b e s , a d a p te rs  a ls o  had t o  be made a t  th e  c e n te r
e le c tro d e  from carbon th e  same d iam ete r (0 .365") as p re v io u s ly  used
t o  f a b r ic a te  th e  carbon tu b e s ,
2 . Cleanup background on molybdenum atom izer
as each new d esig n  of v a p o r iz a tio n  tube was t e s te d ,
th e  tra n s fo rm e r  rew ired  t o  p rov ide  a maximum power, and a c c ep tab ly  
h igh  te m p e ra tu re , a t  f u l l  s c a le  on th e  v a r ia c .  A f te r  t h i s  had been 
done an th e  molybdenum v a p o r iz a tio n  tu b e , th e  f i r s t  h e a tin g  cycle  
from room tem pera tu re  to  th e  maximum tem p era tu re , produced a cleanup 
t r a c e  w ith  th re e  d i s t i n c t  p e a k s  f o r  cadmium. On th e  n e x t h e a tin g
c y c le , th e  f i r s t  peak had d isa p p e a re d , th e  second was a lm ost gone, 
and th e  t h i r d  reduced a l i t t l e .  On th e  t h i r d  h e a tin g  cycle  on ly  
th e  l a s t  peak a t  th e  end o f th e  h e a tin g  cy c le  rem ained ( f ig u re  6 3 ) . 
Upon f u r th e r  r e p e t i t i o n ,  t h i s  t h i r d  peak proved to  be a re p ro d u c ib le  
cadmium background coming ou t o f th e  molybdenum tu b e . Subsequent 
in o rg a n ic  sam ples in je c te d ,  were superim posed on t h i s  background 
s ig n a l .
S ince th e  rod was h ea ted  to  f u l l  tem pera tu re  s e v e ra l  tim es to  
check th e  e l e c t r i c a l  power c o n n ec tio n s , th e s e  cleanup  s ig n a ls  could  
n o t  be o rgan ic  o i l s  o r re s id u e  from th e  d r i l l i n g  p ro cess  b u t may have 
been th re e  d i f f e r e n t  cadmium sp e c ie s  on th e  e x te r io r  su rfa ce  o f  th e  
tu b e . These s ig n a ls  were a ls o  determ ined to  be atom ic in  n a tu re  as 
th e re  appeared to  be no m olecu la r background (w ith  a deu terium  lamp) 
d u rin g  th e  cleanup  o f an o th e r molybdenum rod  l a t e r .
a  s im ila r  e f f e c t  was a ls o  observed fo r  le a d  d u rin g  th e  c leanup  
s ig n a l  o f a molybdenum tu b e . Three d i s t i n c t  peaks were aga in  n o ted
( f ig u re  6 4 )j b u t a l l  th re e  occurred  n e a r  th e  end o f th e  h e a tin g  c y c le .
The f i r s t  peak fo r  cadmium had appeared in  th e  m iddle o f th e  h e a tin g  
c y c le , a t  300°C. U nlike th e  cadmium s ig n a ls ,  on ly  a  s in g le  le a d  
background peak rem ained in  th e  a b so rp tio n  - tra c e , in- th e  n e x t h e a t ­
in g  c y c le . The th re e  i n i t i a l  le a d  p eak s, observed in  th e  f i r s t  
cleanup  t r a c e  fo r  th e  new molybdenum tu b e , were a ls o  determ ined to  
be atom ic i n  n a tu r e .  These peaks were n o t  found, i n  a deu terium  
background scan o f  an o th e r new molybdenum t u b 's  f i r s t  h e a tin g  c y c le .
3 . Molybdenum tu b e  cleanup a f t e r  a b ra s s  sample a n a ly s is
The a n a ly s is  o f t i n  by atom ic a b so rp tio n  has been
f ig u i s  63
T his f ig u re  i l l u s t r a t e s  th e  su c c e ss iv e  back­
ground a b so rp tio n  t r a c e s  o b ta in ed  f o r  th e  
c leanup  o f a new molybdenum v a p o r is a t io n
O .
tu b e  a t  22SSA (resonance  l in e  o f  Cadmium).
T h is d a ta  in d ic a te d  t h a t  th e r e  may be s e v e ra l  
r a th e r  v o l a t i l e  cadmium compounds on th e  su rfa c  
o f th e  molybdenum tu b e .
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FIGHTS 64
T his a b so rp tio n  t r a c s  shows th e  th re e  
lea d  peaks g iven  o f f  i n  th e  f i r s t  h e a tin g  
cycle  "cleanup" o f  a nev; molybdenum vapor­
i s a t i o n  tu b e . There was only one peak in  
th e  n ex t h e a tin g  cy c le  (app rox im ately  = to  
th e  t h i r d  peak in  t h i s  f ig u re  in  v a p o risa ­
t io n  tem p era tu re . In  th e  subsequent cleanup 
o f  an o th e r molybdenum tube  u sin g  a hydrogen 
lamp, th e se  peaks were a b sen t a t  th e  resonance 
l in e  frequence o f le a d  2333 This in d ic a te s  
t h a t  th e re  may be s e v e ra l  d i f f e r e n t  le a d  sp e c ie s  
an th e  su rfa c e  o f a molybdenum tube t h a t  a re  on ly  
v ap o rized  o f f  a t  *1700°C -  2000°C.
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somewhat d i f f i c u l t  by flame methods as s e n s i t i v i t y  lias been poor
(110)
(250 PPM 20fj a b s o rp t io n ) . Although c o n d itio n s  fo r  a to m isa tio n  
have been more fav o ra b le  by th e rm a l m ethods, th e  s e n s i t i v i t y ,  com­
pared  to  o th e r  elem ents by t h i s  method has been s t i l l  r a th e r  poor
(111)
(20 ju l produces 1% a b so rp tio n  w ith  a 0 .2 7  PH-I s o lu t io n ) .  Due
to  d i f f i c u l t y  in  an a n a ly s is  o f  a b ra s s  sample fo r  Tin by a flam e 
AA m ethod, s e v e ra l  in je c t io n s  o f  th e  d is so lv e d  sample were made on 
t h i s  in s tru m e n t. By h e a tin g  b o th  s e c t io n s ,  t h i s  in s tru m e n t should be 
capable  o f fu n c tio n in g  as a norm al g ra p h ite  fu rnace  AA. U n fo rtu n a te ly  
th e  power supply  to  th e  hollow  cathode lamp could  n o t supp ly  enough 
c u r re n t  to  produce a s u f f i c i e n t l y  s e n s i t iv e  resonance l i n e ,  and no 
a b so rp tio n  was observed fo r  s e v e ra l  5 sampl es .
During th e  atom ic background cleanup  fo r  cadmium im m ediately  
a f t e r  t h i s ,  s e v e ra l  i n te r e s t i n g  background a b so rp tio n  t r a c e s  were 
rec o rd ed . There appeared to  be a somewhat v o l a t i l e  cadmium compound 
was observed in  th re e  co n secu tiv e  h e a tin g  cy c les  ( f ig u re  65 ) .  The 
n a tu re  o f t h i s  compound was p u z z lin g , a s th e  b ra s s  sample was m erely  
d is so lv e d  in  n i t r i c  a c id ,  and a sample o f  CdQ’IO-^J  ^ v ap o rized  o f f  
th e  molybdenum tu b e  a t  2000° C.
4 . C enter e le c tro d e  desig n  changes to  improve s e n s i t i v i t y  
and r e p r o d u c ib i l i ty
Due to  th e  f a c t  t h a t  th e  o r ig in a l  carbon tu b es used 
were l a r g e r  in  d iam ete r th an  th e  molybdenum tu b e s , carbon a d ap te rs  
had to  be used to  ho ld  th e  molybdenum tu b e s  in  p lace  cn. th e  c e n te r  
e le c tro d e .  These a d a p te rs  proved to  be a s e r io u s  problem  w ith  r e ­
sp e c t t o  r e p r o d u c ib i l i ty  o f sam ples. These sm all a d a p te r s ,  w ith  a  
h ig h e r r e s is ta n c e  th an  th e  carbon su p p o r ts , o r th e  c e n te r  e le c tro d e ,.
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FIGUPJS 65
T his f ig u re  in d ic a te s  th e  p resence  o f  a v o l a t i l e  
Cd compound ob ta in ed  by m erely  d is so lv in g  a b ra s s  
sample in  n i t r i c  a c id .  The th re e  su ccess iv e  back­
grounds were o b ta in ed  a t  th e  resonance l in e  f r e ­
quency o f Cadmium 22oSX.
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were h e a ted  to  a much h ig h e r  tem p era tu re  th a n  th e  su p p o rtin g  e le c ­
tro d e s  o r th e  molybdenum tu b e s .  T h is sh o rte n ed  t h e i r  l i f e t im e  to  
such an e x te n t  t h a t  th e y  had to  be re p la c e d  a f t e r  10-15 h e a tin g  
c y c le s  (sa m p le s) . Changing th e  end e le c tro d e  carbon, su p p o rts  r e ­
q u ired  o n ly  t h a t  a nevi carbon  p iec e  be d r i l l e d  w ith  a 1 /4 "  d iam e te r 
h o le  t o  h o ld  th e  molybdenum tu b e s .  S e n s i t i v i t y  was g r e a t ly  in c re a s e d  
by th e  use o f molybdenum tu b e s .  S ince a l l  subsequen t a n a ly se s  would 
employ th e s e  tu b e s ,  a  re d e s ig n  o f  th e  c e n te r  e le c tro d e  to  e lim in a te  
th e  carbon  a d a p te rs  was r e q u ir e d .
In  re d e s ig n in g  th e  c e n te r  e le c t r o d e ,  i t  seemed a d v is a b le  t o  
d e c rea se  th e  o v e r a l l  r e s i s ta n c e  o f th e  pcw er-supply-to-m olybdenum -tube 
c o n n ec tio n . T h is cou ld  e a s i l y  be done by in c re a s in g  th e  c r o s s - s e c -  
t i c n a l  a re a  o f  th e  carbon o r m ere ly  by in c r e a s in g  th e  s ia e  o r mass o f 
th e  c e n te r  e le c t r o d e .
The co n n ec tio n  o f  th r e e  carbon p ie c e s  w hich com prised th e  c e n te r  
e le c tro d e  was e lim in a te d  by  d e s ig n in g  a  l a r g e r  one-p iece  c e n te r  e le c ­
tro d e  ( f ig u re  6 6 ). T his g r e a t ly  reduced  th e  r e s i s ta n c e  in  th e  e le c ­
tro d e  so  t h a t  more power reached  th e  molybdenum tu b e s  by n o t  b e in g  
consumed h e a tin g  up th e  c e n te r  e le c t r o d e .  The n e t  e f f e c t  was a con­
s id e ra b le  d ec rea se  i n  power re q u ire d  to  ach iev e  a to m isa tio n  tem pera­
tu r e  i n  b o th  s e c t io n s .
The low er tem p era tu re  o f  th e  c e n te r  e le c tro d e  a ls o  p lac ed  l e s s  
s t r e s s  on th e  "0 " -r in g  s e a ls  o f  th e  power e le c t r o d e s .  O verheated "0M-  
r in g s  became b r i t t l e  and lea k ed  a i r  i n to  th e  body i n t e r i o r .  A d a rk  
b lu e  powder formed on th e  body i n t e r i o r  n e a r  th e  le a k in g  s e a l .  T his 
was an u n s ta b le  oxide o f molybdenum ("Molybdenum B lu e" , H^O)
FIC-UI&] 66
T his f ig u r e  shows th e  fundam enta l d e s ig n  change 
o f  th e  c e n te r  e le c t r o d e .  The new d e s ig n  accep ted  
th e  sm a lle r  l / 4 "  d iam ete r molybdenum tu b e s .  T his 
e lim in a te d  th e  need  fo r  carbon  a d a p te rs  which r e ­
duced th e  0 .3 6 5 ’1 h o le s  o f  th e  o ld  d e s ig n  to  l /4 "  
fo r  th e  molybdenum. The new d esig n  a ls o  employed 
a l a r g e r  mas3 o f  carbon . T his in c re a s e  in  c ro s s -  
s e c t io n a l  a re a  reduced th e  r e s i s ta n c e  in  th e  e le c ­
tro d e  a llo w in g  more c u r r e n t  t o  reach  th e  molybdenum 
tu b e s . T his r e s u l te d  in  a d e c rea se  in  th e  power 
re q u ire d  fo r  a to m isa tio n  and v a p o r is a t io n  tem pera­
t u r e s .
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which slow ly  cadd isad  to  a more s ta b le  w hite  powder in  th e  a i r .
D esp ite  t h i s  obvious advan tage , th e  low er power re q u ire d  fo r  
th e  v a p o r iz a tio n  s e c tio n  could  n o t  be un ifo rm ly  in c re a se d  and r e ­
g u la te d  by th e  m o to r-d riv en  v a r ia c .  This r e s u l te d  in  a n o n -re p ro -  
d u c ib i le  atom ic background from th e  molybdenum tu b a . Although th e  
a b so rp tio n  peaks o f a sample were f a i r l y  re p ro d u c ib le  in  s i z e ,  when 
th e  background was s u b tr a c te d ,  th e  o v e r a l l  peaks in  th e  a b so rp tio n  
t r a c e s  were n o t re p ro d u c ib le  from  one h e a tin g  cycle  to  th e  n e x t, 
( f ig u re  6 7 ) due to  th e  background in c o n s is ta n c y .
For an undeterm ined rea so n , s e n s i t i v i t y  was a ls o  reduced over 
th e  p rev io u s c e n te r  e le c tro d e  d e s ig n . This was p robab ly  due to  
th e rm al convection  from th e  heated  a to m iza tio n  tube th rough  th e  
c e n te r  e le c tro d e  to  th e  v a p o riz a tio n  tu b e . This convection  k ep t 
th e  c e n te r  e le c tro d e  end o f  th e  v a p o riz a tic n tu b e  a t  a tem pera tu re  
approaching  100°C, even when t h i s  s e c tio n  was tu rn ed  o f f .  There was 
c o n s id e ra b le  ev idence f o r  t h i s  convec tion  e f f e c t .
An aqueous lea d  n i t r a t e  s o lu t io n  was shaken fo r  te n  m inutes w ith  
a c e ty l  ace tone  (2 ,4  pentanedione ) in  o rder t o  form a lead-AcAc complex. 
T his complex, • l ik e  th e  F b - S D T a  complex, shou ld  v o l a t i l i z e  o f f  the  
v a p o r iz a tio n  se c tio n  a t  a much low er tem pera tu re  th an  th e  le a d  n i t r a t e  
o r o th e r  in o rg a n ic  le a d  compounds (bonds in  complexes a re  u s u a l ly  
weaker than  band in  m e ta l s a l t s ) .  A f te r  30 m in u tes , to  a llow  the  
aqueous phase and th e  o rgan ic  phase t o  s e p a ra te ,  5 o f th e  o rgan ic  
(AcAc) phase o f  t h i s  m ix tu re  were in je c te d  co ld  onto th e  molybdenum 
v a p o r iz a tio n  tu b e . The a b so rp tio n  o f a r a th e r  la rg e  m olecu lar sp e c ie s  
was im m ediate ly  observed . The lea d  complex v o la t i l i z e d  o f f  a t  an
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FlC-UrU 67
T his f ig u re  i l l u s t r a t e s  th e  in c o n s is te n t  n a tu re  
of s e q u e n t ia l  Cadmium background runs on th e  
Molybdenum v a p o r is a t io n  tu b e  r e s u l t i n g  from 
th e  c e n te r  e le c tro d e  d e s ig n  change.
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u n u su a lly  h ig h  tem p era tu re  and th e  le a d  n i t r a t e  v;as n o t  o b se rv ab le  
( f ig u re  6 S ) . T h is d a ta  in d ic a te d  two problem s. The la rg e  m o le cu la r 
s ig n a l  in d ic a te d  poor a to m isa tio n  e f f i c ie n c y  in  th e  a to m isa tio n  se c ­
t i o n .  T h is was p ro b ab ly  due to  th e  v e ry  sm a ll a to m iz a tio n  p a th  ( l / V )  
a v a p o riz ed  sp e c ie s  e n co u n te rs  b e fo re  e n te r in g  th e  l i g h t  p a th . T his 
can be seen i n  f ig u re  69, a s  th e  shaded p a r t  o f th e  a to m iz a tio n  tube  
was a t  l e a s t  1500°C, b u t th e  p a r t  o f  th e  tu b e  a f t e r  th e  l i g h t  p a th  
h o le  was observed to  be b a re ly  re d  (700-800°C ). S e le c tiv e  h e a tin g  
was a ls o  observed  w ith  th e  o r ig in a l  d e s ig n  as in d ic a te d  by th e  shaded 
a re a  showing th e  p o r t io n  o f  th e  carbon tu b e  py ro ly zed  m ost e f f i c i e n t l y
d u rin g  th e  p y ro lo s is  s te p .
*
The sh o r t  s e c t io n  o f  molybdenum a to m ise r  tu b e  decomposed th e  
sample under a gas flow  o f  500 c c /m in . o r 0 .S3 Cl-I^/sec. The a tom i­
s a t io n  volume o f  th e  tu b e  ( I .D . = 3 /1 6 " , 1 /4 "  lo n g ) was 0 ,113  Cil^.
T his gas flow  r e s u l te d  in  a c o n ta c t  tim e o f  ap p ro x im ate ly  1 /7  second , 
w hich undoub ted ly  le a d  to  poor s e n s i t i v i t y .
The la rg e  m olecu la r s ig n a l  o b ta in ed  upon i n j e c t i o n ,  a ls o  i n ­
d ic a te d  th e  second problem , t h a t  th e rm a l co n v ec tio n  from  th e  a to ­
m iz a tio n  tube  th rough  th e  c e n te r  e le c t ro d e ,  was n o t  a llo w in g  th e  
v a p o r iz a t io n  tube  t o  s u f f i c i e n t l y  c o o l.
The problem  o f a tom izer e f f ic ie n c y  re q u ire d  a n o th e r  re d e s ig n  of 
th e  c e n te r  e le c t ro d e .  In  o rd e r  t o  in c re a s e  a to m ize r e f f i c ie n c y ,  a  
method f o r  im proving sample c o n ta c t  w ith  th e  a to m iz a tio n  tu b e  had to  
be d ev e lo p ed . C o n c u rre n tly , th e  problem  o f more a c c u ra te ly  con­
t r o l l i n g  th e  c u r re n t  to  improve th e  r e p r o d u c ib i l i ty  o f th e  background 
had to  be d e a l t  w ith  in  th e  re d e s ig n  o f  th e  c e n te r  e le c t r o d e .
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FIGUH3 63
T his f ig u re  i l l u s t r a t e s  th e  atom ic and m o lecu lar 
a b so rp tio n  t r a c e s  o f a sample p repared  by m ixing 
1 ml o f 2 ,A -Pentanedione ( a c e ty l  Acetone) w ith  
1 ml o f  Pb(UO^)^, The atom ic a b so rp tio n  t r a c e  o f 
th e  m ix ture  in d ic a te d  t h a t  th e  la rg e  s ig n a l  ob ta ined  
upon in je c t io n  o f 5 J*1 o f  th e  o rgan ic  phase was non­
s p e c i f ic  background. T his in d ic a te d  poor a to m iza tio n  
e f f ic ie n c y .  The atom ic a b so rp tio n  t r a c e  a ls o  in d ic a te d  
t h a t  th e  Pb-AcAc complex was v ap o rized  a t  a  ve ry  
h igh  tem pera tu re  (app rox im ately  th e  same tem pera tu re  
t h a t  th e  in o rg a n ic  sp e c ie s  v ap o rize  o f f ) . The Pb-AcAc 
complex observed in  th e  atom ic t r a c e  was n o t observed 
in  th e  background a b so rp tio n . T his in d ic a te d  th a t  atom­
iz a t io n  e f f ic ie n c y  was b e t t e r  a t  h ig h e r tem p era tu res  
when th e  v a p o riz a tio n  s e c tio n  has th e rm a lly  h ea ted  th e  
AA tube  from 1500°C to  2000°C.
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SELECTIVE HEATING PATTERN FIGURE 69
QF THE. CENTER ELECTRODE
1 s t  D E S IG N
2nd DESIGN
T his f ig u re  i l l u s t r a t e s  th e  s e le c t iv e  h e a t in g  p a t te r n  o f  th e  
p re v io u s  c e n te r  e le c tro d e  d e s ig n s . The shaded a re a s  re p re s e n t  lo c a l iz e d  
h o t sp o ts  cn th e  molybdenum tu b e s  (on th e  bottom  e le c tro d e )  and on th e  
carbcn  tu b e s  (on th e  to p  e le c t r o d e ) .
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In  o rd e r  to  in p ro v s  a to m isa tio n  e f f i c ie n c y  th ro u g h  b e t t e r  con­
t a c t  , th e  molybdenum a to m iz a tio n  tube  was len g th en ed  to  p ro v id e  an 
in c re a s e d  sample c o n ta c t  tim e . The in s id e  d ia m e te r  o f  th e  molybdenum 
a to m ize r tube  a t  th e  c e n te r  e le c tro d e  end was a ls o  reduced  to  a v e ry  
sm a ll h o le .  T h is p ro v id ed  b e t t e r  sample c o n ta c t  b e fo re  th e  v a p o riz ed  
sp e c ie s  e n te re d  i n to  th e  v a p o r iz a t io n  tu b e  tow ard  th e  l i g h t  p a th .
In  o rd e r  to  improve th e  r e p r o d u c ib i l i ty  o f  th e  h e a tin g  c y c le ,  
th e  mass o f  th e  c e n te r  e le c tro d e  was reduced  t o  p rov ide  b e t t e r  con­
t r o l  over th e  tem p era tu re  o f th e  v a p o r iz a t io n  tu b e  by th e  m o to r- 
d r iv e n  V a ria c . T his was e a s i l y  accom plished  by f a b r i c a t in g  th e  c e n te r  
e le c tro d e  ou t o f a  0 .7 5  i n  d iam e te r  carbon rod  in s te a d  o f  th e  1 in c h  
d iam e te r  carbon  rod  used in  th e  p rev io u s  d e s ig n . These d e s ig n  changes 
a re  shown i n  f ig u re  70.
The r e s u l t s  o b ta in ed  by t h i s  d esig n  were v e ry  d i f f e r e n t  from 
th e  p rev io u s  r e s u l t s .  S e n s i t i v i t y  was somewhat im proved, and a to ­
m izer e f f i c ie n c y  was g r e a t ly  im proved. T his could  be seen  i n  th e  i n ­
je c t io n  o f  th e  o rg an ic  phase o f  th e  le a d  n i t r a t e / a c e t y l  ace to n e  m ix­
tu r e  which produced a v e ry  sm a ll peak upon in je c t i o n  ( f ig u re  71 )•
The v a p o r iz a t io n  o f th e  lead-AcAc complex by t h i s  d esig n  was q u ite  
d i f f e r e n t  from  t h a t  o b ta in ed  by th e  p rev io u s  d e s ig n . T h is t r a c e  now 
approxim ated  t h a t  o f  Fb-TSDTA ( f ig u re  72) which came o f f  th e  v a p o r is a ­
t io n  tu b e  a t  a  v e ry  low te m p e ra tu re .
The s l i g h t l y  improved s e n s i t i v i t y  nor-/ r e s u l te d  in  th e  o b se rv a tio n  
o f th e  P b -A caty l Acetone peak upon i n je c t i o n  o f o n ly  a one yd. sam ple. 
The P b -A cety l Acetone peak observed  p re v io u s ly  r e s u l te d  from  an 
in je c t i o n  o f  5 p i  o f  th s  o rg an ic  phase o f  th e  m ix tu re .
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FIGU1E 70
Tills f ig u re  i l l u s t r a t e s  th e  second desig n  change made 
crt th e  c e n te r  e le c t r o d e .  There were two changes made: 
1) th e  le n g th  o f th e  a to m isa tio n  tu b e , between th e  
c e n te r  e le c tro d e  and l i g h t  p a th  h o le , was leng thened  
to  prov ide a lo n g e r c o n ta c t tim e fo r  th e  sam ple.
The end o f th e  a to m isa tio n  tube a t  th e  c e n te r  e le c ­
tro d e  was a ls o  m odified  by p ro v id in g  a v e ry  sm all 
ho le  f o r  th e  v ap o rized  sample to  pass th rough  befo re  
e n te r in g  th e  a to m iza tio n  tu b e s  -  a ls o  in c re a s in g  con­
t a c t  o f  th e  sample w ith  tho  a to m iz a tio n  tu b e ;  2) th e  
mass o f th e  c e n te r  e le c tro d e  was reduced t o  a llow  a 
more d i r e c t  c o n tro l  of th e  v o lta g e  to  th e  molybdenum 
tu b es  by th e  m o to r-d riv en  v a r ia c .  The shaded a re a s  
re p re s e n t  th e  a to m iza tio n  volume p a r t  o f th e  AA 
se c tio n  b e fo re  and a f t e r  th e  design  change.
t
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REDESIGN OF THE CENTER ELECTRODE TO IMPROVE SENSITIVITY 
AND REPRODUCIBILITY (BY A REDUCTION IN THE MASS OF CARBON 
EMPLOYED AND LENGTHENING THE ATOMIZATION CHAMBER TUBE)
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FIGUISS 71-73
These f ig u re s  i l l u s t r a t e  d a ta  o b ta in ed  using  th e  
new c e n te r  e le c tro d e  design  change.
(71) Pb-AcAc t h i s  a b so rp tio n  t r a c e  was v e ry  d i f f e r e n t  
from th e  a b so rp tio n  t r a c e s  o f  Pb-AcAc complex ob ta in ed  
an th e  p rev io u s  c e n te r  e le c tro d e  change. This peak 
was n o t v e ry  d i f f e r e n t  from th e  a b so rp tio n  t r a c e  o f 
Pb-EDTA complex
(72) Pb-EDTA v o la t i l i z e d  o f f  th e  v a p o riz a tio n  tubs 
b e fo re  i t  became v i s ib ly  re d ,
(73) T his ab so rp tio n  t r a c e  of T2L in  w ater i s  very- 
d i f f e r e n t  from th e  p rev ious T3L sam ples p re v io u s ly  
run ( f ig u re  59)■ The improved s e n s i t i v i t y  and r e ­
s o lu tio n  i s  i n  ev idence as a l l  fo u r  p o ss ib le  peaks 
r e s u l t in g  from th e  decom position o f  TiL in  w a te r were 
d e te c te d .
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Perhaps th e  s in g le  most im p o rtan t d a ta  observed , which r e s u l te d  
i ro n  t h i s  f i n a l  d e s ig n  change,  was th e  a b so rp tio n  t r a c e  ob ta ined  
from T e tra e th y l  Lead (T3L) in  w a te r . Although th re e  peaks were ob­
served  e a r l i e r  by th e  o r ig in a l  e le c tro d e  c o n f ig u ra tio n , th e re  was 
s t i l l  th e  p o s s i b i l i t y  o f o b ta in in g  fo u r peaks, r e s u l t in g  from decom­
p o s i t io n  o f  th e  TIL by th e  fo llo w in g  r e a c t io n  p re v io u s ly  d e sc r ib e d .
LTien one jiL, o f  a 10 :1  d i lu t io n  o f a  m ix tu re  o f  60 ;ul o f  TLL and 
S ml o f  w a te r , ftas in je c te d  co ld  and su b seq u en tly  v o l a t i l i z e d ,  th e  
r e s u l t in g  a b so rp tio n  t r a c e  shown in  f ig u re  73 was o b ta in ed . Vihich 
shears a l l  fo u r peaks p o s s ib le .
The rem aining  problem  o f th e rm al convec tion  through  th e  c e n te r  
e le c tro d e  was su b seq u en tly  so lved  by tu rn in g  o f f  bo th  se c tio n s  o f  
th e  a tom izer and in je c t io n  th e  r a th e r  v o l a t i l e  o rgan ic  phase, o f th e  
le a d  n i t r a t e  ( a c e ty l  a c e to n e ). m ix tu re , onto  th e  co ld  v a p o riz a tio n  tube 
The a to m isa tio n  s e c tio n  was th en  b rought back up to  f u l l  tem p era tu re  
and th e  norm al v o l a t i l i z a t i o n  cyc le  begun. D ata ob ta in ed  by t h i s  
techn ique  appeared to  have e lim in a te d  th e  problem  o f  f la s h  e v ap o ra tio n  
o f ’th e  v o l a t i l e  o rg an ic  sam ple.
There was th e  p o s s ib i l i t y  t h a t  some sample cou ld  be l o s t  by such 
a te c h n iq u e . Because th e  a to m iza tio n  s e c tio n  i s  o f f ,  any sp ec ie s  
v o l a t i l i z e d  from th e  v a p o r iz a tio n  tube would n o t  be atom ized o r r e ­
corded . T his d id  n o t  appear t o  be a problem , however, as th e  ab so rp ­
t io n  t r a c e  o f  Fo-SDTA by th e  norm al method, and th e  m odified  method
'2
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fo r  v o l a t i l e  samples,, appeared  "to be th e  same.
For aqueous s o lu t io n s ,  th e  m od ified  tec h n iq u e  was n o t  re q u ire d  
a s  th e  v o l a t i l i s a t i o n  tu b e  co o led  to  l e s s  th an  100°C in  ap p ro x im ate ly  
20-25 m inu tes (a s  m easured by an i r o n -c o n s t  a n t  an th e rm o co u p le ), ifo 
f l a s h  e v a p o ra tio n  to  steam  was observed  f o r  sam ples in je c te d  30 
m inu tes a f t e r  power was removed from th e  v a p o r iz a t io n  s e c t io n .
V. CONCLUSIONS
The in s tru m e n t and th e  tec h n iq u e s  j u s t  d e sc r ib e d  s u c c e s s fu l ly  
dem onstra ted  th e  concep t t h a t  th e rm a l v a p o r iz a t io n  could  be used 
as a means o f  s e p a ra t in g  m e ta l s p e c ie s ,  based  on t h e i r  b o i l in g  p o in ts ,  
j u s t  as gas chrom atography and l iq u id  chrom atography have been u sed . 
The in s tru e m e n t developed  a ls o  emplpyed th e  use o f  AA as  th e  means o f 
d e te c t io n  a s  have th e  GC-AA and LC-AA te c h n iq u e s  r e p o r te d .
I t  shou ld  be p o in te d  ou t t h a t  t h i s  p ro to t'qpe  two s ta g e  a to m ize r 
was on ly  in  an i n i t i a l  s ta g e  o f developm ent. The changes and m odi­
f i c a t i o n s  d e sc r ib e d  in  th e  e x p e rim e n ta l p a r t  have shown t h a t  th e  
r e p r o d u c ib i l i ty  and s e n s i t i v i t y  o f th e  p ro to ty p e  can be g r e a t ly  im­
p roved , There a re  many d e s ig n  changes w hich could  be im plem ented 
to  f u r th e r  improve the- r e p r o d u c ib i l i ty ,  such as a more p re c is e  m et­
hod o f  in c re a s in g  th e  power t o  th e  v a p o r iz a t io n  s e c t io n ,  by a - more 
re g u la te d  power supp ly  f o r  exam ple. Improvement in  s e n s i t i v i t y  cou ld  
be o b ta in ed  by s e p a ra t in g  th e  two s e c t io n s  by u sin g  two d i f f e r e n t  
c e n te r  e le c t ro d e s  w ith  a h ea ted  t r a n s f e r  l i n e  betw een th e  two se c ­
t i o n s .  T his would a llo w  th e  a to m iz a tio n  s e c t io n  to  be m ain ta in ed  a t  
a much h ig h e r  tem p era tu re  th an  th e  1500°C -  2000°C tem p era tu re  employ­
ed in  th e s e  s tu d ie s .  The a to m isa tio n  s e c t io n  could  n o t be m ain ta in ed
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a t  2400°C, f o r  example, due to  a lo c a liz e d  h e a tin g  e f f e c t  th rough  
th e  c e n te r  e le c tro d e  to  th e  v a p o riz a tio n  tu b e . A very  h igh  tem per­
a tu re  on th e  a to m iza tio n  tube  a ls o  leapt th e  v a p o riz a tio n  tube to o  
ho t to  i n j e c t  aqueous sam ples. The in je c te d  sample was im m ediately  
v o l a t i l i z e d  i n to  steam  and th e  a b i l i t y  to  sp e c ia te  th e  m e ta l was 
l o s t .  A l e s s  than  id e a l  compromise was found by tu rn in g  o f f  th e  
a to m iza tio n  s e c t io n , in je c t in g  th e  sample co ld  and then  re h e a tin g  
th e  a to m iza tio n  se c tio n  to  f u l l  tem p era tu re . This p reven ted  evapo­
r a t io n  lo s s  upon in je c t io n  and allow ed even v o l a t i l e  o rganic  
l iq u id s  to  be t e s te d .
The tech n iq u es  developed and th e  m o d if ic a tio n s  made on th e  
p ro to ty p e  in d ic a te d  t h a t  w ith  on ly  a s l i g h t  improvement in  s e n s i t i v i t y  
(p o ss ib ly  a one or two o rd e r o f roagnituae in c re a s e )  th e  g r e a t  m ajo- 
r i f c y o f  b io lo g ic a l  and env ironm enta l sam ples in  th e  sub-ppm range , 
could  be analyzed .
The c u rre n t  p ro to ty p e  s u c c e s s fu lly  i d e n t i f i e d  th e  l e s s  v o l a t i l e  
o rg an o m eta llic  sp e c ie s  o r com plexes, from th e  much le s s  v o l a t i l e  i n ­
o rgan ic  s p e c ie s . This v e r i f i e d  th e  approach o f th e  method -  se p a ra ­
t io n  based  on th e rm al v o l a t i l i z a t i o n  r a th e r  than  chrom atographic 
te c h n iq u e s , and d e te c tio n  by an atom ic a b so rp tio n  tec h n iq u e .
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